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When selecting roller: bearing pillow blocks, remember 


it's what’s inside 
that counts! 


] MAXIMUM SIZE AND NUMBER 
. OF ROLLERS for highest 
Capacity 





CENTRIFUGALLY CAST, 
PRECISION MACHINED 
BRONZE RETAINERS 
for smooth, quiet operation 


HIGH, HEAVY INNER RING 
FLANGES for ease of 
installation and removal 
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SERIES 6800, 6900, 
exceptionally rugged, 
ings—machined as 
matched parts providin 
lation. 


AND INSIDE LINK-BELT ROLLER BEAR- 
ING BLOCKS you'll find Link-Belt’s 
new spherical roller bearings .. . 
with big, mirror-smooth, highest 
capacity rollers; centrifugally cast, 
precision machined bronze retainers; 
heavy, broad-shouldered inner rings. 
All the best features of modern bear- 
ing design compactly unitized for 
utmost economy and long service 
life. 

Link-Belt spherical roller bearing 
pillow blocks are self-aligning. Avail- 





able in adapter mounting and direct- 
shaft mounting types for shafts from 
146” to 12”. Choice of two effective 
seals: all-purpose steel, multi-laby- 
rinth seals, or Dacron-contact seals. 
For full details, 

call your nearest 4gy@euy 
Link-Belt office. Ow 


Look under BEAR- (em 
INGS in the yellow ‘ee 
\/ a 


pages of your tele- io Sy 


phone directory. Ask t 
for Book 2760. OS ateadh voss0 ws 
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LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Belt Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney) Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. Representatives 

Throughout the World. 15,414-A 
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THE COVER... 

Ready for launch, with the um- 
bilical gantry still supplying 
ground power, is US’s latest ma- 
jor space experiment. The Atlas- 
Agena B rocket combination will 
start the Ranger 1 spacecraft on 
1 50-day trip into space (half- 
million miles out and _ back). 
Convair’s Atlas will boost the 
spacecraft some 80 miles high. 
The sophisticated Lockheed 
Agena B will then place it into a 
near-circular earth orbit and then 
blast the JPL-designed Ranger 
into space. Later Ranger space- 
craft will put highly sensitive in- 
struments on the lunar surface. 
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Simple fixtures and standard drill press can make 60 welds/min. 
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INTERESTING TO NOTE 





the great paper robbery 

If Red China is able to 
worm any valuable secrets 
from their Soviet allies, they 
will, in a sense, be in return 
for Russia’s great theft in the 
year 751. At that time the 
two nations were at war. 
China was a vast economic 
and cultural center while 
Russia was considered to be 
inhabited by barbarians. Dur- 
ing the conflict, however, 
Russian warriors were able to 
force their Chinese prisoners 
of war to reveal the 600-year- 
old secret process of making 
paper. 

Prior to around 150 AD 
there were several crude 
forms of “paper.” Egyptians 
wrote on thin strips of 
papyrus, a native plant; Babylonians used 
heavy clay tablets; Persians made parch- 
ment by splitting the skin of goats, 
sheep and calves, soaking them in lime, 
scraping them smooth then drying them. 
In early China, silk was the most 
common writing material—until the 
scholar Ts’aihn discovered a better way 
to make paper. He pounded mulberry 
bark into pulp, added water, then dried 
the mixture into flat fiber sheets on 
which messages could be written. It was 
the first real paper, and the Chinese kept 
their process secret until it fell into 
Russian hands 600 years later. It took 
another four centuries before the paper- 
making formula reached Europe, but by 
that time rags were being used for pulp 
instead of mulberry bark. 

During the American Revolution, 
officers of Washington’s continental army 
wrote on paper fragments that looked 
more like grocery lists than official docu- 
ments. After Washington’s election, the 
shortage became so serious that Congress 
appealed to housewives to save rags for 
paper manufacturers. 

In the 18th century French scientist 
Rene de Reaumur noticed that wasps 
tubbed tiny wood fibers loose from a dry 
post and mixed them with secretions. In 
drying, it formed a thin, paper-like mate- 
rial from which the wasp built its nest. 
In 1844, a German, Frederic Kellar 
patented the first practical method of 
imitating the wasp’s work—a wood 
grinding machine in which sticks of wood 
were forced against a grindstone and 
water added. The pulp was then made 
into paper. 

The paper industry has grown so 
rapidly that the US per capita consump- 





Part of a French 18th century paper factory. In 
order to take ink without running, the paper had 
to be sized with a gelatinous animal glue. The 
sizing, obtained from hides, was processed and 
used in this 
be dried, each sheet hung from horizontal wooden 
beams like wash on a clothesline. 


‘oom. After sizing, the paper had to 


tion has jumped from 25 Ibs in 1930 to 
438 Ibs in 1959, but not all of this needs 
the high quality and strength of drafting 
paper. Woven cloth and even plastic 
films are now used—see page 31. 


the pope and the abacus 


Adding a series of numbers can be 
accomplished by paper and pencil or a 
variety of machines ranging in price from 
pennies to thousands of dollars. Cal- 
culating by machine goes back to 
the familiar abacus. In fact the 
word “calculate” is derived from the 
markers or calculi on the wires of the 
abacus. Around 950 AD, Gerbert, later 
to become Pope Sylvester II, introduced 
the abacus to the European community. 
Supposedly, he learned of it through the 
Arabs while in Spain. Sylvester had a 
thirst for science and mathematics and 
undoubtedly was intrigued when he first 
saw the device for adding and subtract- 
ing. Unfortunately Sylvester’s interest in 
science gave him the false reputation of 
magician or wizard. 

In 1642 nineteen-year-old mathema- 
tician Blaise Pascal, built the first simple 
digital calculating machine for his father, 
a customs officer in Rouen. It was nearly 
two hundred years later before Charles 
Babbage designed his famous calculating 
machine. With the advent of Babbage 
and the mechanical computer, the abacus 
was more or less forgotten. In 1946 how- 
ever, the American army staged a com- 
petition between a Japanese clerk, 
Kihoshi.. Masturaki and an American 
Private Wood. Masturaki used his abacus 
while Wood used an ordinary desk cal- 
culator—the abacus beat the calculator 
every time.—Benedict A Leerburger, Jr. 
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Ranger 1 experiments pave way to space travel 


e Latest and most complicated step in NASA’s program to explore 
the moon, planets and interplanetary space. 


¢ Forerunner of later models in the same series that will rough-land 
instrumented packages on the moon. 


space, reaching more than 500,000 
miles out before returning to burn up 
in the earth’s atmosphere after more 
than 50 days in space. 


New Yorx—Phase 1 of manned space 
travel is Ranger, which eventually will 
rough-land instrumented packages on 
the moon. The first Ranger shot, 
however, is to develop and test basic 
elements of spacecraft technology re- 
quired for lunar and interplanetary 
missions. These include an attitude 
stabilization system based on celestial 
references, a high-gain pointable an- 
tenna, an advanced communication 
system, the development of compo- 
nents able to operate for long periods 
in space environment, and calibration 
of solar cells in a space environment. 

In view of the developmental na- 
ture of the spacecraft, Ranger 1 will 
not be aimed at the moon, but will 
be sent off on a long trajectory into tific instruments. 


SPACECRAFT PARAMETERS 


Ranger 1 is about 5 ft dia at the 
base of the hexagon-shaped configura- 
tion and 11 ft long. In its cruise posi- 
tion, with the solar panels extended, 
it has a 17-ft span and is 13-ft long. 
It weighs 675 Ib—243 Ib of electronics, 
144 Ib of scientific instruments, 50 
Ib of solar panels, and 238 Ib of 
structure. 

Rising from the hexagonal base are 
four struts and four diagonal braces 
of aluminum which support the scien- 
Two solar panels, 
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19,250 WORKING ELECTRONIC PARTS make up the payload of Ranger 1. Eight 
scientific experiments will be performed and the information used to guide 
future manned flights to the moon and beyond. 
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each about 10 sq ft, carry 4340 solar 
cells—a total of 8680. They are ex- 
pected to pick up enough solar en- 
ergy to be converted into a minimum 
of. 155 watts and a maximum of 210 
watts. Ranger power demand peaks 
at 150 watts. The two solar panels 


<>— RANGER SPACECRAFT 


LAUNCH VEHICLE SYSTEM consists 
of a Convair Atlas first stage, a Lock- 
heed Agena B second stage, and the 
Ranger spacecraft, Atlas places vehicle 
about 80 miles high and separates. 
Agena carries the spacecraft to 100 
miles and places it in a near-circular 
orbit. A second firing of the Agena 
rockets puts the spacecraft into its 
planned 50-day orbit. 





THE ENGINEERING WEEK 


are hinged on a framework below the 
hexagon, and in launch position are 
folded. 

In the hollowed-out inner section 
of the hexagon is a silver-zinc battery 
with a capacity of 9000 w-hr. This is 
a backup power source and supplies 
the power to run the spacecraft up 
to the moment when the solar panels 
are activated. The battery could run 
the spacecraft for two days. 





SPACECRAFT CONTROLLER 


Six electronic boxes located on 
either side of the hexagonal base con- 
tain the electronic intelligence of 
Ranger 1. One is the controller which 
permits the craft to calculate when 
it should perform what function, how 
it should roll and pitch to find the 
sun and lock into this position, how 
to find the earth and aim its direc- 
tional antenna at the earth, as well 
1s other functions. 

The controller is an electronic solid- 
state timer. It takes 400 cps from the 
power source, divides it into one pulse 
per sec and uses these pulses as the 
basic timing reference. Pulses are ac- 
cumulated in a memory with a preset 
series of triggers. 

When the accumulated pulses 
match that of the first trigger a relay 
is closed and the controller issues a 
command to the craft to perform a 
specific function. From launch to the 
end of its useful life there are ten 
commands. 

Controller is started 3 minutes be- 
fore launch, and this serves as the 
zero reference point for future com- 
mands. At this time power is sup- 
plied by the interna) battery to the 
scientific instruments and both a }-w 
and a 3-w transmitter. Some instru- 
ments are not activated during launch 
and the 3-w transmitter is initially run 
at half power. This is done because, 
as the launch vehicle passes between 
150,000 and 200,000 ft, there is a 
tendency for high voltage devices to 
arc and damage themselves. 


COMMAND SYSTEM 

Once Ranger | is pointed on its 
trajectory, the command system starts 
its 10 discrete steps. These are: 

1. 1500 sec (25 min). First com- 
mand increases power to the large 
transmitter stepping its power from 
1.5 to 3 watts. Increased power per- 
mits the ground station (one of three) 
near Johannesburg, South Africa to 
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RANGER 1 was developed by Jet Propulsion Laboratory which is responsible 
for the execution of current projects in the unmanned part of the program. The 
hexagonal-shaped basic configuration will be essentially unchanged in form in 
this generation of spacecraft. At left, is shroud that protects instrument pack- 


monitor telemetered signals. 

2. 2100 sec (35 min). Controller 
turns on scientific instruments not 
operating during passage through the 
critical altitudes. 

3. 2200 sec (36 min, 40 sec). Two 
functions: First, extend by compressed 
spring the electrostatic analyzer pack- 
age. This a small box on a boom 
about 4 ft from the main body of the 
spacecraft. Two sensors can look at 
and away from the sun without inter- 
ference from the body of the space- 
craft. Second, the pins that hold the 
solar panels locked in place are pulled 
and compression springs unfold the 
panels until they are at right angles 
to the length of the craft. 

4. 3700 sec (61 min, 40 sec). At- 
titude-control system is turned on and 
power sent to the sun sensors, the 
cold-gas jets and the gyroscopes. Gyros 
first act to cancel residual movements 
that result from separation. 


-age from damage caused by aerodynamic heating during the launch phase. 


12 sun sensors—light sensitive di- 
odes—inform the gas jets and gyros of 
sun position. The attitude-control 
system responds to these signals by 
turning the spacecraft so that the 
longitudinal axis points towards the 
sun. Torquing of the vehicle for these 
maneuvers is by 10 cold-gas jets fed 
from a bottle about 8 in. dia contain- 
ing 24 Ib of nitrogen at 3000 psi. 
This is calculated to be enough ni- 
trogen to maintain attitude control 
for a minimum of 50 days and a max- 
imum of 100 days. 

To conserve gas, the attitude con- 
trol system permits a pointing error 
towards the sun of 1°. The mixing 
network is calibrated to keep Ranger 
1 slowly swinging through this arc 
once every 60 min. As the 4° limit 
is reached, the sensors signal and the 
jets fire for 7» of a sec. Once the sun 
is spotted and held within the allow- 
able limits the battery is turned off 
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and power comes from the solar cells. 

5. 5600 sec (93 min, 20 sec). Direc- 
tional antenna, which moved into 
position on above signal, starts 
searching for the earth, but with- 
out losing the sun position. Three 
earth sensors, photomultiplier tubes 
mounted co-axially with the direc- 
tional antenna, roll the spacecraft 
about its long axis with the directional 
antenna extended at a predetermined 
angle. Once the earth is located, the 
gas jets are activated and lock the 
craft onto the earth. The spacecraft 
is now stabilized on two axes, the 
solar panel-sun axis, and the earth- 
directional antenna axis. 

6. 7100 sec (118 min, 20 sec). 
Scale factor of telemetry which in- 
formed earth of Ranger wobbling after 
separation from Agena B is adjusted 
to a lower rate now that the sun 
sensors have the system under control. 

7. 12,000 sec (200 min). Scale fac- 
tor of one of the radiation instruments 
is changed. Of the six units, one is 
made more sensitive to give a finer 
measurement of the radiation level. 

8. 15,000 sec (250 min). Data 
being transmitted from the three watt 
transmitter are transferred from the 
omnidirectional antenna to the direc- 
tional antenna, thereby increasing the 
range from which the information can 
be sent. The 4-w transmitter con- 
tinues to send the same data over the 
omnidirectional antenna. 

9. 22,000 sec (366 min, 40 sec). 
Rate of data being sent by the smaller 
transmitter is reduced. The low-power 
transmitter is near its limit because 
of distance, so by reducing the amount 
of information, its ability to communi- 
cate over longer distance is improved. 

10. 22,200 sec (370 min). An en- 
gineering experiment is started to de- 
termine some of the friction forces 
involved in the operation of machinery 
in the hard vacuum of space. It is 
known that most metals moving 
against other metals in hard vacuum 
have a tendency to stick together. 
This experiment, designed to deter- 
mine the effect of space environment 
on bearing materials. It consists of 
a motor-driven shaft on which are 
mounted a series of disks of different 
materials. Pressing against the disks 
are hemispheres of different material. 
There are 80 material combinations 
being tested. Strain gages mounted 
on each hemisphere telemeter the 
drag force between combinations. & 
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Explosion creates 
artificial diamonds 


MEN to Park, Catrr—Diamonds have 
been produced at the Poulter Labs of 
Stanford Research Institute during a 
program to test the effects of explosive 
shocks on various materials. The ex- 
periments by Paul S. De Carli of SRI 
and James C. Jamieson of the Univ of 
Chicago produced minute particles of 
diamonds from fragments of pure 
graphite when subjected to shock of 
30,000 atm for one microsec. The 
graphite was artificially produced to 
assure spectrographic purity. 

De Carli believes that the diamond 
formation depends on the structure of 
the graphite. Graphite is composed 
of sheets of atoms arranged in either 
of two characteristic patterns. The less 
common of these forms is similar in 
structure to diamond, except that in 
diamond the sheets are puckered and 
much closer together. The explosive 
force puckers and compresses the 
graphite to form diamond. 

After experiments with both hex- 
agonal and rhombohedral graphite, the 
latter was selected as approaching the 
pattern of diamond. Further experi- 
ments showed the compression shock 
wave were only effective when applied 
along the c-axis of the graphite crys- 
talline formation. 

The experiment was performed by 
placing an explosive charge atop an 
unrestrained graphite specimen over a 
container of water. Following the ex- 
plosion small diamonds were recovered 
from the water. 


ra 


DIAMOND PARTICLES resulting from 
explosive shock are real, though very 
small. The average was 10 microns in 
dia; the largest, 40 microns. They were 
identified by their X-ray and electron 
diffraction patterns and by hardness 
tests at the Univ of Chicago. 


Current methods of diamond syn- 
thesis requires a high investment in 
capital equipment and the capacity of 
the equipment is limited by the 
strength of available engineering ma- 
terials. Here, the capacity of the ex- 
plosive method is limited only by the 
amount of noise and this can be 
muffled. However, commercial value 
of the process is not apparent at this 
time. 

—William B. Wallace, Regional Editor 


India strives for technical independence 


New Detni—India is trying to cut 
down her dependence on foreign tech- 
nical experts. The state-owned Na- 
tional Industrial Development Corp 
recently set up a nucleus Technological 
Consultant Bureau, staffed by special- 
ists in process and product designs, 
engineering and construction. The 
Bureau will prepare project reports, in- 
spect sites and supervise and inspect 
construction of industrial projects pro- 
posed for the public sector of India’s 
economy. Later its services will be 
available to private industries as well. 

For the past several years, India has 
been wholly dependent on foreign 
technical advice. Experts were invited 
from abroad to prepare project reports 


on various industries to be set up here. 
Their services are expensive and add 
considerably to foreign exchange cost 
of projects. 

In almost all such cases, basic details 
are given to the foreign experts by the 
Indian government such as: quantita- 
tive demand for the finished product, 
availability of raw materials, local 
salaries and construction costs. The 
reports of foreign teams have been 
valuable, but the government has con- 
cluded there is no need for seeking 
expert advice for preliminary foreign 
project reports. 

The new Bureau will not obviate 
the need for foreign expert advice in 


engineering news continued on page 6 
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preparation of detailed project reports 
of major new industrial undertakings, 
but it is expected to encourage de- 
velopment of engineering know-how 
and experience in this country. Also, 
it will eliminate the necessity for ac- 
cepting a package deal with foreign 
contractors. These deals, including 
project report, design and construction 
of a plant, are inescapable as long as 
India lacks technical know-how. 

Package deals have certain disad- 
vantages. They take away the client’s 
right to select the most suitable equip- 
ment or the best contractor for each 
part of the project. Often, too, con- 
sulting firms are compelled by their 
own affiliations to supply equipment 
from sources that might not be best 
for a particular job. Past experience 
has also shown that foreign consultants 
lack knowledge of Indian conditions 
and make excessive provision for con- 
tingencies. 

The Bureau has five major divisions: 

e A process and product design sec- 
tion to design new products for in- 
dustry, to recomniend suitable proc- 
esses based on latest technical de- 
velopments and to help test and 
analyze materials and end products. 

eA project engineering section to 
make preliminary analyses of technical 
and economic feasibility of proposed 
projects after process is selected. 

e An engineering design section to 
do plant layout and make working 
drawings for construction. 

¢ Inspection section to inspect and 
certify equipment from suppliers. 

e An erection supervision section to 
supervise construction and initial op- 
eration of the plant. Its experts may 
also be available for factory training. 

The Bureau is expected to turn out 
preliminary reports for four projects 
each year and detailed reports for at 
least two medium-size projects, costing 
about $10 million each. Operating 
budget will run about $160,000 a year. 

—Sharokh Sabavala, Bombay bureau 


Underwater telemetry 
to probe ocean depths 


San Francisco—Development of an 
underwater telemetry system has been 
announced at the WESCON show 
here by Bendix-Pacific of North Holly- 
wood, Calif. Company spokesmen say 
the system has been fully tested and is 
ready for installation in appropriate ap- 


plications although no such installa- 
tions are presently scheduled. These 
include: 

e Geophysical exploration for un- 
dersea oil fields can be done by tele- 
metering significant information from 
bottom crawlers or weighted probes. 

e Biomedical research, similar to 
that for astronauts, can be made with 
instrumented divers. 

© Oceanographic studies of tempera- 
tures, currents, chemical concentra- 
tions at varying depths. 

e Submarine DEW line could be 
quickly set up using the underwater 
telemetry system in conjunction with 
properly spaced sonobuoys. Line could 
detect submarines passing over it. 

Basically, the system accepts stand- 
ard telemetry signals at an underwater 
source, amplifies and converts the elec- 
tronic signals into sonic waves which 
are transmitted to a hydrophone. 
When received by the hydrophone the 
sonic signals are reconverted to elec- 
trical form for data reduction. 

The source-signal transducer, called 
the sonar projector, can be as small as 
3 x 4x 14 in. and weigh as little as 
1 Ib. Using a power supply consistent 
with the concept of small size, the 
sonar projector has a range of five 
miles. Distance between signal source 
and data receiving station can be ex- 


tended beyond five miles by using 
sonobuoys as relay stations. 

The sonar projector accepts and con- 
verts 10 continuous subchannels of in- 
formation from instrumented probes. 
The first step of conversion is to fre- 
quency modulate each of the subchan- 
nels onto a main electronic carrier. The 
second step converts the electronic 
carrier into a sonic signal for trans- 
mission to the hydrophone. If the 
hydrophone is located on a sonobuoy, 
the sonic signal is converted into a 
single electronic carrier and trans- 
mitted via radio to the data reception 
station. If it is located at the data 
reception station, the sonic carrier is 
converted into a single electronic car- 
rier and separated into subchannels. 

Bendix-Pacific believes that present 
on-board recorders in underwater 
vehicles can be replaced by sonic pro- 
jectors. Important savings in space and 
weight will be realized as well as 
acquiring all data through telemetry 
in case the vehicle is unrecoverable or 
lost. Also, remote control of under- 
water vehicles will be possible without 
the limitations of a heavy umbilical 
cable now used on several research 
vehicles. The underwater telemetry 
system is simply reversed and the sonic 
projector becomes a signal receiver. 
—William B. Wallace, Regional Editor 


Sprayed-on, high-temperature strain gages 


' 


Heat sensors, erosion and ablative gages, and other high-temperature measure- 
ment devices are being flame sprayed on metal surfaces at Boeing. A spokesman 
for the company’s Aero-Space Div, says that the sprayed-on sensors have with- 
stood temperatures to 1200 F and expects the limit to be pushed past 2000 F. 
The surface is first sprayed with an insulating layer of aluminum oxide (a 
better insulator is being developed as aluminum oxide fails in adverse environ- 
ments). A nickel-chromium alloy is then sprayed through a stencil to act as 


the sensor. 
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SEAL—Exclusive, triple-supported seals 
permit interference fit of spool for extra- 
tight closure with minimum wear. Usual 
damage to conventional “O"' rings by mov- 
ing spool is eliminated. 


Do the air valves you buy 


include these 


quality features? 


ph RPS ree 2 cd 


SIMPLICITY—Uncomplicated parts 
mean long life and easy servicing. Com- 
mon parts are used extensively to simplify 
stocking or repair. 


This high-quality “D" Pilotair® Valve is 
available in thousands of combinations. 
Tailored valves at standard model prices. 
Nine basic valves may have one or two 
of eight operators. Many types of spring 
return or holding functions. 


J 
if not, the chances are your 


FLEXIBILITY—Modular Construction. 
Operators, mounting holes and ports may 
be independently rotated in 90° steps. 
Operator may be on either or both ends. 


maintenance costs are 


higher than necessary. For more information about quality Fluid 
Circuitry Controls for trouble-free automation, ask for Catalog 


A4-75.01. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 


or refer to Sweet's Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 
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WHAT’S HAPPENING IN RESEARCH 





Divided seal solves 


vacuum problem 

By dividing a rotary shaft seal into 
3 sections, R. W. Roberts devised a 
system at Brown U’s Metcalf Research 
Lab that is not only simple and inex- 
pensive but also surprisingly effective 
in preventing leakage. 

The system was designed for a shaft 
that is driven at speeds to 4200 rpm 
through the wall of a high-vacuum 
chamber. 

Since the sealing area is divided into 
3 sections, differential pumping is pos- 
sible. The center one can be exhausted 
by a mechanical pump, thus greatly 
reducing the wear on the seal nearest 
the high vacuum chamber and making 
it possible to attain a lower base pres- 
sure in the main vacuum chamber. 

Describing the unit in Review of 
Scientific Instruments, Roberts says it 
maintains a pressure of 1 x 10” torr 
(760 torr = 1 atmos) at zero rpm, and 
7 x 10” torr at a shaft speed of 1000 


rpm. 


4 Jo mechonica/ pump 


Molded silicone 
rubber seals 


: 


ial 


Spocer 





Drive shaft 


l \ Silicone 3 
' O-ring 
Minature bearings 


MOLDED SILICONE RUBBER SEALS 
divide sealing area into 3 sections to 
simplify exhaust problems. Shaft is also 
highly polished to reduce seal wear. 














New data on bearings 
for cryogenic service 

New tests of bearings running under 
loads at speeds to 9200 rpm in liquid 
nitrogen and in hydrogen gas confirm 
previous indications that nonmetallic 
low-friction separator materials are su- 
perior to metallic materials for cryo- 
genic service, NBS engineers report. 
Best performance was obtained with 
silicate-filled TFE (fluorocarbon) res- 
ins. But other nonmetallics tested at 
NBS Cryogenic Engineering Labora- 
tory (TFE-impregnated glass fiber and 


a modified TCFE) also outperformed 
such metallic compositions as silver- 
plated silicon iron bronze. The tests 
were made on 10 mm-bore bearings, 
operating under loads of 20 to 200 Ib 
at —420 to —100 F. 


New polymers from Britain 

New organic semiconductors, and 
organometallic compounds that may 
serve as the basis for new thermally 
stable polymers are reported by Brit- 
ain’s National Chemical Laboratory. 
Paralleling, but not duplicating, simi- 
lar work in the US and USSR, the pro- 
gram has already resulted in develop- 
ment of patentable organoboron com- 
pounds “of considerable scientific and 
commercial interest.” They are un- 
usually inert, yet highly volatile. One, 
for instance, melts at about 480 F, yet 
will sublime at temperatures as low as 
300 F in a vacuum. 

Also under development: new, and 
highly reactive oxidants, ion-exchange 
membranes, and a series of compounds 
that may find applications in high- 
energy fuels, fuel cells, and structural 
plastics. 


More work needed 
on this new metal 

The hope of finding a low-cost con- 
tinuous, or even semi-continuous, 
process for production of pure zirco- 
nium has been dampened a bit by re- 
cent reports from the Bureau of Mines 
Albany lab. 

Using a semi-continuous reactor 
process, billets have been produced 
containing as much as 83 % zirco- 
nium metal. However, intermittent 
operation resulted in high oxygen 
levels and consequent metal hardness 
(Rockwell A 64); and continuous op- 
eration of the reactor was difficult be- 
cause of weld failure, corrosion, and 
recurrent plugging of the lines by salt 
and reaction products. 

J. E. Mauser of Albany believes the 
semi-continuous reactor method, using 
sodium or magnesium to reduce zirco- 
nium tetrachloride, is a feasible one. 
But, better materials will be needed 
for reactor construction, new heating 
methods, and better methods for han- 
dling the liquid salt will have to be 
developed to overcome the present 
high maintenance costs. 


Briefing the Soviet record 
Studies of dielectric properties at 
superhigh frequencies (10° to 10” 
cps) were reported by G. P. Mikhaylov 
and A. M. Lobanov at the Second 
All-Union Conference on the Physics 
of Dielectrics. Tests of nylon, acrylic, 
polyester, and polyvinyl acetate plas- 
tics showed, surprisingly, that the di- 
electric constant and the tangent of 
the dielectric-loss angle are more de- 
pendent on temperature change than 
on frequency in this range. A report 
appeared in the conference transac- 
tions and is briefed in the Current 
Review of the Soviet Technical Press 
(60-21441-30). 


Teflon-bronze beariags can safely be 
used at almost twice the specific 
load of conventional babbited com- 
ponents, Soviet researchers report. 
Tests of sliding thrust and journal 
bearings, as reported in Vestnik mash- 
inostroyeniya, show a coefficient of 
friction of 0.11 to 0.085 at specific 
loads in the 14 to 76-kg/cm* range. 
The bearings are made by sintering tin 
bronze powder on a steel base and 
then impregnating with Teflon. The 
results confirm and reinforce other 
recent reports on these materials (PE 
—Apr 17, p 6). 


As cathodes in high-powered elec- 
tronic devices, Soviet engineers are 
testing lanthanum hexaboride. This 
rare earth compound, they say, acts as 
a typical metallic conductor, with a 
thermal! coefficient of resistivity on the 
order of 0.060 microhm-cm/°C. Its 
thermal emf is independent of po- 
rosity at least over the 2 to 37% 
range—at temperatures to 3600 F. A 
report is contained in a USSR journal 
of physical metallurgy; but only a 
brief abstract is available in English. 


New antifriction material with excel- 
lent wear resistance, good adhesion to 
metals, and other properties compa- 
rable to those of nylon, is claimed by 
Soviet engineers. The material is a 
polysulfide rubber-epoxy composition 
which, they say, is readily moldable 
and does not require additional heat- 
curing to develop full hardness. 
Exact composition is not available, 
but a report by O. L. Petrov and A. D. 
Kurmayer on properties and applica- 
tions appears in Plasticheskiye massy 
(1/61, p 46). —ARG 
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You get more 
accurate readings... 


faster with this 

NEW 

BRUNING 
Equipoise DRAFTER 








The finest is further refined! Long a favorite as a single 

instrument that does the work, through an arc of 360°, of five 

basic tools (T-square, straight edge, triangles, scale, and protractor)... 
Bruning’s new Equipoise drafter now brings even greater 

benefits to draftsmen. 2 


CLEARLY, YOUR CHOICE 1S (BRUNING) 


. New Magnifier Lens on the now fofally enclosed, fully protected . be 
protractor assures faster, more precise, double vernier readings. _ CHARLES BRUNING COMPANY, INC. 
Z 1800 West Central Road, Mt. Prospect, Ill. 
. New Elbow Adjuster assures smooth, non-slip drafter operation In Canada: 103 Church St., Toronto 1 
on intermediate board angles inclined as high as 25°. O) Please send information on the New Equipoise 
O Have representative call me 








. New Leveling Screws permit easy and accurate mounting of the 
machine on boards of moderate warpage or surface irregularity. 


. New Baseline Lock brings speed and ease to baseline setting; 
makes it easy to adjust drafter to drawing. 


For further information, clip and mail the coupon. 
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DEVELOPMENTS TO WATCH 





Semi-inorganic adhesives stand 975 F 


New curing agents are making it possible to extend the range of polymer adhesives 
to 975 F, and there is hope the range can be extended still further. Furthermore, 
says H. H. Levine of Narmco R & D Div, Telecomputing Corp, high-temperature 
tensile shear is substantially improved. 

These are complex systems—an epoxy novolak, a silicone-phenolic condensation 
polymer, and aluminum, with arsenic pentoxide as the curing agent. 

In a report prepared for next week’s American Chemical Society Div of Organic 
Coatings and Plastics Chemistry, Levine notes that arsenic pentoxide is not the only 
curing agent that can be used. Several other compounds may prove helpful; among 
them, vanadium pentoxide, barium oxide, and magnesium oxide. 

Further research, he says, might provide methods for introducing other inorganic 
atoms into the polymer molecule—with still greater improvement. 


Air Force shifts machine-tool goals 


The emphasis will be on more versatile machines, suitable for small-lot runs, in the 
Air Force machine-tool program for the next several years. 

J. S. Imirie, Assistant Secretary of the Air Force told the Machine Tool Builders 
Assn we have too many high-production machines and too many special-purpose 
machines that require excessive tooling. And, he says “the tools we do have are 
uneconomical for small-lot production. We actually need few machines designed 
for high production; instead, we want to concentrate on those that have multi-use 
capabilities.” 

Modernization will continue at the 2 to 5% rate; but, he says we are not doing 
so on a one-for-one ratio. Rather, by using the more versatile machines we are 
changing at a one-to-four ratio, buying one high-performance machine to replace 
as many as four older machines. 

About 5000 numerically controlled machines will be procured, and special emphasis 
will be placed on 4- or 5-axis machines that can perform extensive metal-removal 
operations on structural parts; as well, of course, as those which can handle such 
“new” materials as vanadium, rhodium, molybdenum, and beryllium. 


USDA tests new-type harvester 


A harvester for castor beans is under test at Oklahoma Agricultural Experiment Station, 
and USDA says it’s not only faster than hand-picking (the only method available until 
now), but also results in less damage to the beans. 
The plants pass between brushes (see photographs) and a beater underneath the 
unit removes the beans. Then, an auger conveys them back to the sacking device. 
USDA says the machine will harvest a plot 2 rows wide and 20 ft long in about 


a minute and a half. Manual harvesting would take at least 45 min. 


NEW HARVESTER mounts on rear of small tractor (above) whose controls are reversed 
so driver can observe operation. The unit has two sets of brushes (shown in photo at 
left) to handle two rows of beans at a time. 
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Slide rules coming for springs and screws 


From Schwabach, West Germany (near Nurnberg) come two new slide rules to save 
time and money as well. 

One, for springs, is claimed not only to be one of the easiest to handle, but also 
“by far the cheapest,” of its kind. It’s said to provide all necessary design data for 
compression, tension, and torsion springs (wire range from 0.1 to 10 mm dia), and has 
scales for load (in kg), mean dia of turns, shear stress for static and dynamic loads. 

The rule for fasteners is designed for calculating bolt and screw sizes on the basis 
of several variables—dia., tensile strength, percentage of yield strength to be left as 
a safety margin, and so on. Diameter range is 2 to 20 mm. 

Both are available for export sale. But, as yet, only with German markings and 
instruction manuals. The spring rule is priced at $2.15; the screw-and-bolt calculator 
at $1.40 (plus postage). Richard Bergner (RIBE) of Schwabach makes them. 


SPRING CALCULATOR (left) and fastener rule (right) are made of sturdy plastic. Back 
of fastener rule gives head and shaft dimensions and other factors corresponding to 
settings on face. Each rule has a thumb-indexed, illustrated manual to explain its 
operation in detail, Calibrations are in metric units. 


Inflatable structures to balloon in space 


At least half a dozen approaches to design of space stations, solar collectors, and 
other structures that can be transported in small packages and blown up in orbit 
are now being evaluated. They include spheres, torus and delta-wing shapes, and 
sphere-and-torus combinations. Some are made of relatively conventional materials 
like cloth and plastic film; others of new metallic and ceramic fabrics. 

These structures offer a number of advantages. First, is packagability. A satellite 
135 ft dia can be folded into a spherical container only 40 in. dia. 

As Dr R. T. Ross of Goodyear Aircraft pointed out in his testimony to the House 
Committee on Science and Astronautics, a fabric structure has a million hinges built 
into it—and you don’t have to pay for them, or provide cams and gears to activate 
them. Furthermore, a fabric structure has a natural “overload recovery.” Under 
excessive load, instead of breaking or collapsing, it simply deflects, straightening out 
again when the load is removed. 

Add to these, the light weight and ease of erection of such units and you have 
a structural system which, its proponents believe, rates even more attention than 
it’s had so far. 


Frangible conductive coating serves as fuse for safety lamp 


A novel system to prevent accidental relighting of flame-safety lamps has been devised 
by a British firm. The “fuse” is simply a thin printed circuit—sprayed, painted or 
plated on the lamp bulb—that breaks when the glass itself breaks. 

In this type of safety lamp, used for gas-testing in mines and other hazardous areas, 
there is a movable-filament, battery-operated relighter. It is built into the lamp and 
normally is protected from accidental operation by the bulb itself. If, however, the 
glass bulb is broken, gas may be admitted from the outside and an explosion may occur 

By incorporating a frangible metal conductor—the printed circuit on the glass bulb— 
in the relighter circuit, an automatic safeguard is provided. If the glass breaks, or 
even cracks, the circuit is broken and the relighter cannot operate. Wolf Safety Lamp 
Co, Shefheld, England, has patented the system, and has also developed an improved 
filament for lamps of this type which, it says, operates on minimum current because it 
has a platinum-tuthenium alloy that adds catalytic action to the electrical heating 
effect when the filament is brought into contact with the lamp fuel. —ARG 
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VERSATILITY 
That's the Beauty of 


La 
Co_LX VV COLUMBIUM-TREATED CARBON STEEL 


CUTS DEAD WEIGHT 10% IN NEW 


Pm 


(se 
\ 


~ 


Bringing important new economies to rail shipment of automobiles, this new tri-level auto 
carrier holds twelve standard cars or mixed loads of 14 standards and compacts. Capacity is 
increased up to 75%. A unique system of hydraulically positioning the vehicles on three levels 
gives a clearance of only 16 feet 8 inches, permits use in areas formerly limited to bi-level unit 
operation because of clearance requirements. @ Key feature of the Multi-Car Carrier is the 
movable decks on which the cars ride. Made of GLX-W columbium-treated steel, the decks are 
raised and lowered by built-in hydraulic lifts, actuated by a portable power unit. Here light 
weight was essential, in order to reduce the operating power requirements. Yet great strength 
was necessary, too, to support the payload. Finally, design of the decks called for eight bends 
in each section. So formability was also a must. « GLX-W met and exceeded all these require- 
ments. It gives 50-100% greater strength than mild carbon steel, so builder Whitehead and 
Kales could get the required strength with less weight. Deck operating units need less power, 


Great Lakes Steel is a Division of 
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Multi-Car Carrier built by Whitehead and Kales for Multi-Car Corporation, Detroit, Michigan 


TRI-LEVEL AUTO CARRIER 


and total weight is reduced approximately 5,000 pounds or 10%. Production 

is more economical, too, because the ductility and formability of GLX-W 

permits four of the bends in the deck to be performed in one press operation. © 

The GLX-W series of high-strength steels consists of fine-grained, semi-killed 

mild carbon steels, treated with varying amounts of columbium. The high 

strength of GLX-W permits designers to reduce the amount of steel and effect 

considerable cost savings when replacing mild carbon steel. GLX-W steels have roams 
a low carbon content and are readily weldable and formable. GLX-W steels 

are available at four minimum yield strength levels: 45,000, 50,000, 55,000 and A PRODUCT OF 

60,000 p.s.i. and in sheets, plates and bars. For complete technical information, G 

write Great Lakes Steel Corporation, Product Development, Dept. PE-9, REAT LAKES STEEL 
P. O. Box 7310, Detroit 2, Michigan. Detroit 2, Michigan 


NATIONAL STEEL CORPORATION 
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_ All Anchor 
PRESSED-ON-HOSE ASSEMBLIES 


carry 


| shis Emblem... ANC|HOR 
\i/ 


THE pLeDGe of PERFORMANCE 


COMPLETE RELIABILITY 


Anchor Pressed-On Hydraulic Hose Assem- 
blies are demonstrating their complete reli- 
ability — as they have for over 20 years — on 
all fluid power equipment . . . contributing 
substantial savings in original and replace- 
ment costs .. . reduced maintenance . . . long- 
er life... and uninterrupted service. 


A plus margin of safety is provided in 
Anchor Pressed-On Hose Assemblies . . . the 
permanent attachment of Anchor Couplings 
to the hose makes a quality designed and 
engineered hose assembly . . . with positive 
assurance against leaks or blow-offs for the 
life of the hose. Pulsating or shock loads — 
within specification limits — are efficiently 
and effectively handled. 


= aggre — There are Anchor Pressed-On Hydraulic 
your flvid power Hose Assemblies to meet the exacting needs 
equipment problems of all hydraulic transmission lines . . . for 
with an Anchor field high, medium and low pressure service . . . 
engineer...you'llim- § with maximum working pressures ranging 
Provedoce your cons” from 12,500 psi for %e” ID. 6-Ply Super 
a : Spiral Hose to 100 psi for 2” I.D. Spiral Wire 
Suction Hose. 
Write today for Anchor Catalog No. 102 
showing the complete line of Anchor Pressed- 
On Hydraulic Hose Assemblies, together with 
detailed specifications, etc. 


ANC|HOR Coupling Co. Inc. 


353 North Fourth Street, Libertyville, III. 
Branch Plants: Dallas, Tex., Plymouth, Mich. 
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READER TO EDITOR 





Discussion of Dutch patent proposal 


To the Editor: 

In your June 10 issue p 12, under the 
heading, “From Washington” you state, 
“U.S. patent policy may follow Dutch pro- 
posal . . . Under the plan, patent applica- 
tions would be published shortly after they 
were filed, but a patent would not be issued 
until a necessity for it is shown. For ex- 
ample, if the applicant needed the patent 
to enforce his rights, he would be able to 
call the case up for processing. . . . If need 
to process a patent application is not 
shown at the end of a seven-year period, 
the application will be abandoned.” 

After having filed more than thirty U.S. 
patent applications it is thought the fore- 
going arrangement would be open to wide 
discussion. I can comment only as regards 
my own experience in patent applications 
and in some instances the arrangement 
would not at all be feasible. For example, 
in 1939 an application was filed for a dis- 
pensing valve, a model of which functioned 
properly but still needed improvements, 
more models were made with modifications 
and each time, had to be tested for several 
months under various conditions. On this 
application a patent was issued in 1941. 

From a marketing standpoint the valve 
was still not perfect and after a number of 
models were tested an application for an 
improvement was filed in Feb 1954. Al- 
though this was an improvement over the 
original the experiments continued and in 
July 1956 another improvement application 
was filed. This valve was first placed on 
the market in 1956, fifteen years after the 
original patent was issued. 

If “the application is published shortly 
after it is filed,” the inventor could be 
harmed in several ways, after the invention 
is disclosed to the public and without a 
patent anyone could manufacture and mar- 
ket the invention until a patent is issued, 
which would be from two to five years. It 
would be of interest to note other com- 
ments, for and against, the proposed 
procedure. —G O Matter 

Portland, Oregon 


Correction 


In the June 19 article “Stress When 
Curved Surfaces Touch” two equations 
were in error. For a cylinder on a cylinder 
stress S, = KiG.(P/D)%; for a cylinder in 
a’ cylindrical groove stress S. = KiGs 
(P/D)%. Also, the symbol P stands for 
load, Ib/in., in all three of the cases involv- 
ing cylinders. 


Get the lead in 


To the Editor: 

We're always delighted to see an article 
like yours on battery power (Aug 14, p 5). 
Your article points out that the sealed 
battery now used in drills and razors rates 
15.4 w-hr per Ib and 1.6 w-hr per cu in. 
The comparable figures for an automotive 
lead-acid battery are 15.0 and 1.3; for an 
industrial type lead acid battery 13.1 and 
1.35. On a cost per cycle basis, the indus- 
trial lead-acid battery is little more than 
half as expensive to use as the sealed type 
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you describe. And finally, where a sealed 
design is important, a lead dry cell may 
be used for low drains or, non-spillable 
aircraft batteries. —Bruce FaperR 
Lead Industries Assoc 

New York, N Y 


COMING EVENTS 





AUGUST 


American 





Society of | 


Mechanical Engineers and American In- | 
stitute of Chemical Engineers; Institute of | 
Mechanical Engineers and Institution of | 


Chemical Engineers (Great Britain), Inter- 


national Heat Transfer Conference, Univ | 


of Colorado, Boulder 


SEPTEMBER 


11-14 , . . . Society of Automotive En- | § 
gineers, National Farm Construction & | 
Industrial Machinery Meeting, Milwaukee | 


Auditorium, Milwaukee, Wisc 


14-15 .... American Society of Me- 
chanical Engineers, AIEE and IRE, Joint 
Societies Engineering Management Con- 
ference, Hotel Roosevelt, NYC 


. Institute of Radio 
ISA, Industrial 


20-21 . 
AIEE and 


Engi- 


Elec- 


neers, 


tronics Symposium, Bradford Hotel, Bos- | 


ton 


American Welding Society, 
Fall Meeting, Adolphus Hotel, Dallas, 


Texas 


OCTOBER 


9-11 . - Institute of Radio Engineers 
ind AIEE, National Electronics Confer- 
ence, International Amphitheater, Chicago 


9-13 . . . . Society of Automotive Engi- 


American Institute of Elec- 
trical Engineers, Fall General Meeting, 
Statler-Hilton Hotel, Detroit 


17-19 . . . . American Society of Lubri- 
cation Engineers, and ASME, 8th Annual 
Lubrication Conference, Morrison Hotel, 
Chicago 

19-20 . . .. Illinois Institute of Tech- 
nology and Armour Research Foundation, 
1961 National Conference on Industrial 
Hydraulics, Sherman Hotel, Chicago 


19-20 . . . . American Society for Qual- 
ity Control, 16th Midwest Conference, 
Chase-Park Plaza Hotel, St. Louis 


For a listing of addresses of societies and 
associations send 25¢ to Product Engineer- 
ing Reader Service , 330 W 42nd 
St, NY 36. Ask for brochure R 32. 


QUALITY... 


~ SERVICE... 


neers, National Aeronautic Meeting, The 
Ambassador, Los Angeles 
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Acme has always produced, and will continue to pro- 
duce products that incorporate the finest materials, 
and expert craftsmanship. All Acme chains are built 
to ASA standards assuring you of dependable, effi- 
cient performance. Acme Roller Chains are available 
pitch to 244” 


in a complete range of sizes from \, 
pitch. 


Acme Chains are available nationally through Indus- 
trial Distributors. Acme backs its Distributors with 
all the knowledge and assistance of its Engineering 
Department, in an advisory and technical capacity. 
The answer to your roller chain problem is never 
more than a phone call away. Call Acme Distributors 
for service anytime. 


The initial cost of Acme Chains is comparable with 
the highest quality type of Roller Chain obtainable. 
Acme quality control program — second to none in 
the industry — gives each Acme Chain a longer life 
expectancy. Maintenance costs are less when you use 
Acme endurance tested Roller Chains. 


For quality, price and service, be sure to ask for Acme 
Roller Chains available through your Industrial 
Distributor. 


Write Dept.1-W 
for new ill. 100 page cata- 
log with engineering section. 


RELIABLE CHAIN DRIVES FOR ALL INDUSTRIES 





ROLLER CHAINS, SPROCKETS, CONVEYOR CHAINS, FLEXIBLE 
COUPLINGS, ATTACHMENTS. (Special and Standard) 


MASSACHUSETTS 
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‘WULCAN 
BAND HEATERS 


Vulean Cylindrical Band 
Heaters are especially designed 
for plastic molding and extrud- 
ing machines, tanks, pipelines, 
autoclaves, and similar applica- 
tions. An aluminized steel 
sheath, together with a special- 
alloy, tight-gripping clamping 
band, assures long life. Heating 
element is precision spaced for 
uniform heat. 

A wide range of diameters 
(from 1%” to 18” or more) is 
available to fit most assemblies. 
Special widths, sizes, and ma- 
terials can be engineered to 
individual requirements. 

Vulcan Band Heaters are a 
modification of the popular 
Strip Heaters which efficiently 
heat practically any surface. 
Write for catalog and prices. 


CVULCAN/ 


Fit iy 





VULCAN ELECTRIC COMPANY, Danvers, ¥ 4 
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For Your INFORMATION (persona!) 


Fair warning for motorists 


A little plastic plate that can be hung on mirror or dashboard is ready to 
warn the unwary motorist of dangerous carbon monoxide fumes. The plate 
is about 2 in. square, and carries a dime-sized insert of an indicator compound 
(palladium chloride suspended in silica gel). Initially, the indicator, and the 
plastic plate, are buff-colored. But, when carbon monoxide is present—even 
in concentrations as low as 0.01%—the chemical changes color, turning dark 
gray or black, as the carbon monoxide reduces the palladium salt. When the 
CO concentration reaches 0.05%, the change is almost instantaneous. Made 
in Denmark, the device is being marketed here by Hi-Detectors, Box 202, 
238 E. 86 St, New York 28. Price: 50¢ each, postpaid. 


This gas control does everything but talk 


A gas control that will hold oven temperatures as low as 140 F; “walk’’ 
roasts automatically, just as a chef does, to bring out latent heat; and has a 
pilot light and 100% shutoff for “complete safety” is to be introduced by 
Wilcolator Co for 1962-model ranges. 

With the new temperature control, says Wilcolator, the housewife can 
place a frozen roast or casserole in the oven, set the controls for slow or fast 
defrost, follow it by heating at exactly the right temperature to produce the 
desired degree of cooking, and hold the oven at the heat required to main- 
tain this result for whatever period may be necessary. All of this, without 
touching the range more than once. 

No pipe or fittings are necessary to the thermostat; Wilcolator claims, and 
bell, buzzers or chimes may be substituted for the indicating lights. Further- 
more, there is no critical re-ignition of the bummer and no time lag in thermal 
response. 

Furthermore, its designers proudly claim the new temperature control 
system is compact and easy to assemble, and should permit substantial 
savings to gas range manufacturers. 


A fan for your air conditioner 


A saucer-shaped fan that’s specifically designed to sit in front of your air 
conditioner, pick up its cold air, filter it, and shoot it out around the room, 
is being marketed by Chemex Corp, 41 Murray Street, New York 7. The 
fan will even shoot the air around a corner, its designer says, and will give 
radiators an assist in winter, too. 

In place of the usual propeller blades, the unit has a rotor assembly that 
combines an arbor, 5 impeller disks, separated by spacers, and top and 
bottom plates, Filtering action is achieved through paired, replaceable porous 
filter disks, which Chemex claims, help to create the air jet as well as clean 
it. Says Chemex: As the unit rotates, the porous disks create and maintain a 
vacuum in the space between them so that air is sucked in and filtered. Then, 
the filtered air is centrifuged to the periphery and leaves through a 360- 
degree “lip” (see diagram) which, against the pressure of the atmosphere, 
“opens like a valve for one-way flow.” 

The model shown, 16 in. in dia, weighs 7 Ib, has a power consumption 
of 100 watts, is priced at $50. —ARG 




















BLADELESS FAN has molded plastic housing, filter disks which aid jet 
action. Air sucked in through porous disks is expelled at the periphery, with 
edges of disks forming a one-way valve. 
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Hushed quietness in a bearing is a promise of excellent quality, 
superior performance and long life. 

And it’s no coincidence that Hoover bearings are exceptionally 
quiet. Hoover Honed bearing raceways are super smooth, superbly 
finished. Micro-Velvet balls are spherically accurate within mil- 
lionths of an inch and surface finished to microscopic perfection. 
These precision components work together in perfect harmony. 


Nuclear submarines like the SKIPJACK are 
designed to carry out underwater missions in 
utmost silence. That is why the hushed quiet- 
ness of Hoover Quality ball bearings makes 


them ideal for critical applications on this and We, at Hoover, know because every Hoover Quality bearing is 
many other types of equipment. checked electronically before it is shipped. 


Hoover Honed and Micro- Velvet are Hoover Trademarks 


O@OuUer 


BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan 
Zone Sales | 8581 South Chicago Ave., Chicago 17, Illinois 

Offices and | 290 Lodi Street, Hackensack, New Jersey 
Warehouses | 2020 South Figueroa, Los Angeles 7, California 


hoover CONTROLS hoover quality FROM START TO FINISH 


High quality wire from which Hoover Micro- Velvet Balls are It’s easier to strike a match Hoover quality control meth- 
balls are made is produced made of the finest of chrome on plate glass than on the ods include non-destructive 
by Hoover’s Cuyahoga Steel alloy steel. Sphericity is meas- smooth finish of a Hoover electronic inspection of 
and Wire Division. ured in millionths of an inch. Honed bearing raceway. bearing components. 


Roller Cam Action of Over-Center Clutches 
Reduces Wear, Pressure and Adjustments 


Rockford exclusive anti-friction roller cams increase clutch 
life, lower pressure needed to engage and release, and reduce 
clutch adjustments. Precision-ground, hardened steel rollers 
force pressure plate against facing and flywheel for smooth, 
powerful engagements. Actuation progresses from “release” 
to “on-center” to the slightly ‘‘over-center’”’ locked position. 
Operated by hand lever, Rockford Over-Center Clutches 
remain in or out of engagement until changed by the operator. 
Clutches fit flat or counterbored flywheels. Oil or dry opera- 
tion. Torque loads from 365 to 3,000 lb. ft. Write today 
for illustrated brochure. 


Allis-Cha Crawler equipped with 
Rockford Over-Center Clutch 


Patented anti-friction 
roller cams reduce wear, 
adjustments, and lever 
pressure. Slight pres- 
sure to rollers forces 
pressure plate and facing 
against flywheel, in- 
stantaneously locking 
and engaging clutch. 


FT aa 
hog | 
1 | 
Oo 


ver Center 
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Release bearing assem- 
blv consists of bronze or 
ball bearings. Clutch is 
actuated from hand 
lever to yoke contact on 
trunnions. Pivot pins 
give direct, smooth actu- 
ation between release 
sleeve and cam arms 


Positive-lock adjusting 
ring allows fine adjust- 
ments for longer life and 
smoother starts. Simply 
release lock and turn to 
exact engaging position. 
Positive-lock prevents 
“creeping”. Adjustments 
are long-lasting. 


Spring steel plate, bear- 
ing against roller cams, 
vields slightly upon ac- 
tuation. This assures 
extremely smooth en- 
gagements, relieves cover 
plate of strains, main- 
tains uniform pressure, 
and gives longer life. 


High-test facings give 
extra-long clutch life, re- 
duce scoring, and great- 
ly cut costs of downtime, 
replacement and labor. 
Strong, lightweight con- 
struction permits easy 
shifting and braking. 


High tensile strength 
cover plate assures safe 
operation. Compact, 
low-inertia design pre- 
vents gear clashing and 
delayed shifting. Dy- 
namic and static balanc- 
ing of each clutch elimi- 
nates vibration. 


Segmental slots prevent 
“dishing”... even under 
extreme heat conditions. 
Rotary surface grinding 
assures perfect, uniform 
flatness. Core plate is 
made of special high- 
carbon spring steel. 


Close-tolerance splined 
hub assures perfect disc 
alignment. Through- 
hardened hub gives long 
life. Bolt circle and pilot 
dia. accurately locate 
cover plates. Precision 
manufacturing elimi- 
nates misalignment. 


DIVISION 


ROCKFORD CLUTCH 


1229 WINDSOR ROAD, ROCKFORD, ILLINOIS 
36 So. Wabash, Chicago, Ill. 


OF 
BORG- 


; WARNER 
Export Sales Borg-Warner International © 
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Dear subscriber: 


The Design Digest Issue of September 4 will be the last 
weekly issue of Product Engineering; thereafter we will appear 
every other Monday—on a bi-weekly cycle beginning 
September 18. 

This decision was made, of course, after a great deal of study and 
deliberation. 

Our experience has taught us a great deal about your 
changing requirements, has led us to pioneering in such fields 
as the broad-based engineering news roundup, the show report, 
the special report, the opinion survey, and such original 
departments as Developments to Watch, What’s Happening 
in Research, Interesting to Note, Trends in Industrial Design, 
Why Don’t They R & D?, For Your Personal Information. 

We have added price and delivery information in new-product 
descriptions, increased coverage of such items. We have 
also undertaken the massive job of rewriting and editing for 
maximum readability in minimum space, to save your time. 
And we have offered help in reading, report writing, note taking 
and public speaking. Several of these have been recognized by 
journalism and public-service awards—three last fall. 

That you have appreciated our editorial service is indicated 
by the increase of our paid circulation from 37,000 to 51,000. 

The fact that more readers renew their subscriptions at expiration, 
and much increased reader response are additional evidence that 
our service to design engineers is appreciated. 

Our new frequency, however, offers several advantages. It will 
make possible further improvements in format, presentation and 
illustrations, as well as more-comprehensive, better-balanced 
coverage in each issue. We feel that we can provide a new 
and far superior standard of service under the new conditions, 
and that our new “package” wili be outstanding. 

We'd very much appreciate your comments about the new 
magazine after you’ve had a chance to read through the first issue 
or two. 


(mtigSectan. 





Spinweld to join 
thermoplastic parts 


Simple fixtures and standard drill-press equipment are 
all that is needed in this high-speed technique for 
assembling plastic materials. Production rates up 


to 60 welds per min are practical, but process is limited 


to thermoplastic parts with circular joint shapes. 


R L MILLER and D M THOMPSON, technical representatives 
Polychemicals Dept 
E | du Pont de Nemours & Co 


@ Spinwelding is a fast, cheap method for joining plastic 
parts with circular mating surfaces. Consistent, high- 
strength joints are produced by spinning and rubbing 
one part against another to generate welding heat. Friction 
heat rapidly melts a thin surface layer, leaving that layer 
and the material beneath relatively unchanged. Result is 
a hairline weld needing no filler material and causing little 
or no distortion of the joined parts. 

Any true thermoplastic can be spinwelded, including 
polyethylene, acetal, acrylic, nylon and fluorocarbon resins. 
Strength of the weld varies somewhat with the plastic 
but joint efficiency is at least 80% that of the strength 
of the parent material. 

Spinwelding dissimilar plastics generally produce low- 
strength joints. Where permissible, such joints should be 
designed with undercuts so that melt flows into the under- 
cut to form a mechanical interlock. 


The rubbing-welding technique 


Basically the process rubs a rotating part against a sta- 
tionary part. Friction generates heat and melts the con- 


tacting surfaces, and pressure is applied to squeeze out any 
bubbles. Spinning is then stopped but the pressure main- 
tained until the weld solidifies. 

The heat built up at the surface depends on the friction 
coefficient of the material and its heat conductivity. Tem- 
perature of welding is controlled by changing relative 
velocity of the two surfaces, contact pressure and time of 
rubbing contact. 

Surface velocity should be at least 20 surface ft per sec. 
Speed should be relatively uniform across the joint so that 
heating is uniform. This means that solid parts with large 
diameters should be welded on a land at the circumference 
rather than across the entire area. Because speeds greater 
than 5000 rpm are usually not recommended for standard 
rotating equipment, welds with diameters less than 1 in. 
require greater contact pressure or longer rub times to build 
up the necessary heat. 

Contact pressure during spinning should be approxi- 
mately 200 psi for most materials. Pressure during 
solidification should be 100 to 200 psi. This is usually 
sufficient to force any bubbles or contamination from the 
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joint. Polyethylene is an exception. It can be welded at 
50 to 100 psi. 

Quick braking or stopping of the part is essential to the 
process. Once sufficient melting has occurred, motion 
must stop to allow the melt to solidify. If movement does 
not stop quickly, it will shear the weld. Relative motion 
can be halted by an electric brake on the motor or built into 
the design of the driving tool. 

Short weld time decreases flash and localizes heat at the 
rubbing surfaces for minimum residual stress and distor- 
tion. Usual practice is to spin-rub parts for about 4 sec at 
the recommended surface speed. Over-all time including 
handling—about 1 to 2 sec—allows a production rate as 
high as 60 pieces per minute. 


Joint Design 


Joint shape should provide maximum weld area and 
keep uniform temperature across the entire joint. 
@ Weld areas on butt joints can be increased by modifying 
them with steps, scarfs or tapers. In addition, these shapes 
discourage crack propagation by forcing them to follow a 
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1 SHELLS WELDED TO- 
GETHER enclose filter element. 
Made of nylon, the body resists 
corrosion by impurities in the 
fuel it filters. 


2 END CAP HERMETICALLY 
SEALS and assembles seat and 
ball in check valve. Delrin 
acetal resin is readily welded 
by this method. 


3 ACRYLIC LENS AND RE- 
FLECTOR are molded as sepa- 
rate parts. Internal refracting 
and reflecting surfaces stay 
clean when sealed-in by welding. 


4 PLASTIC KNOB IN AUTO 
WINDOW CRANK is attached 
by welding on retaining button. 
Plastic-to-plastic joint allows 
knob to rotate within metal 
crank. 


crooked path rather than a straight one. ‘Typical joints 
for thick and thin walls are shown on the next page. 

e Heat is kept uniform by minimizing variations in surface 
velocity. In thin-walled cylinders heat distribution is 
usually no problem but in a solid shape such as a disk, 
it may be necessary to cut away the center portion of the 
weld. This can increase joint strength in small-diameter 
parts even though weld area is decreased. An alternate 
method of keeping temperatures uniform in solid pieces 
is to crown the center portion so that it rubs and starts to 
melt before the outer portions make contact. 

Dimensional tolerances of the contacting surfaces at the 
joint is +0.002 in. per in. of diameter. 

Spinweld joints are continuous and form good hermetic 
seals. By proper design, they can be stronger than the rest 
of the part. Where sealing is not wanted, as much as 15% 
of the joint can be undercut to remain unwelded. 


Controlling flash 


In spinwelding, the excess melt is forced from between 
the mating surface in the form of a thin flash. In a 
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SPINWELDING THERMOPLASTICS 











Undercut 
Space aI 


UNDERCUTS HIDE FLASH to eliminate 
trimming. These three designs show how 
to include space or relief within the joint. 


Undercut. 


Inside 
sleeve 








COMPLETE UNIT adapts drill press for spinwelding. Made 
by HyPneuMat Inc, Milwaukee, Wis, attachment includes 
timer control, pressure cylinder and brake. 


manual setup, flash is helpful because it proves that surface 
melting is sufficient for a good weld. But flash should be 
kept to a minimum to avoid interference with mating 
parts. This is especially important for hollow containers 
where the shape precludes trimming flash on the ID. 

Joint can. be designed so that it will retain flash within 
undercuts and pockets. Other designs force the flash in 
one direction—to the ID where it cannot be seen or to the 
OD where it can be easily trimmed. 

Proper joint alignment and minimized spin time will 
decrease flash because little material has to be melted and 
displaced. This alignment requires good joint tolerances, 
and positioning the parts in accurately made fixtures. High 
speeds and pressures cause more flash and tend to throw 
it outward. 
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Joint Designs tor ‘Spinwelded Assemblies 


(For thick-walled parts) 


Cet fet. Jet Ft | 


Stepped 


Modified Sleeve Torque 
butt and groove 


(For thin-walled ports) 
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Driving tools for spin-welding 

Two types of tools have been developed for this process. 
For joints with areas less than 4 sq in. the arrangement 
consists of a spring-loaded pivot pin that bears on the part 
and maintains pressure after the driving teeth are disen- 
gaged. For large joints the inertia tool gives better weld 
Here a flywheel is accelerated to speed 
After the flywheel slows to 


reproducibility. 
and engaged into the part. 
below a given speed, a clutch disengages it so that the 
total weld energy is constant. 


EDITOR’S NOTE: Other recent articles on techniques for 
forming unusual shapes from plastics and how to design 
parts for these processes: 

Closer Look at Fiberglass-reinforced thermoplastics, May 
15 ’61, p 95—Adding glass fibers to thermoplastics strength- 
ens them for shapes that must carry high loads. 

Design Polycarbonate Parts This Way, May 1 ’61, p 46— 
Here are the do’s and don’ts of design for high-strength 
parts of Lexan polycarbonate resin. 

Blow Molding Goes Industrial, Jan 16 61, p 50—For thin- 
walled parts, this fast-growing process offers a new way to 
produce flexible or rigid shapes. 

High-impact Phenolic Molded Parts, Mar 7 ’60, p 54—De- 
sign criteria for fiber-reinforced phenolics are different from 
those for unfilled versions. Article gives rules for these 
plastics which compete with metals where shock loads are 
a problem. 

Better Linear Polyethylene Moldings, Mar 16 59, p 55— 
Formerly considered difficult to mold, this family of plastics 
can be easily molded if design is guided by these sugges- 
tions. 

Selecting Plastics Laminates for Punching, Feb 2 59, p 
57—Laminate choice must be based on ease of fabrication 
as well as mechanical or electrical properties. 

Where Vacuum Forming Stands Today, Dec 22 ’58, p 56— 
Variations including air-stretching and match-plate forming 
to make deeper parts, more complex designs. 

For Better Phenolic Molded Parts, Sept 1 ’58—How to 
get the best results from this thermosetting plastic. 

Postformed Phenolics, Feb 17 '58, p 66—How to shape 
prelaminated sheet stock for economical parts that are as 
good or better than molding and laminating simultaneously. 

—Herbert Kee 
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MAGNETIC CLUTCHES 


for continuous slip 


Magnetic-particle, hysteresis, and eddy-current clutches are 
your choice for continuous-slip applications. 
Here’s how they operate, their relative strengths and weaknesses. 


D L SWORDS, oppiication engineer 
Lear Inc, Grand Rapids, Mich 


® Friction clutches are at a disadvantage in continuous 
slip applications—particularly at the instrument and control 
level, where operation must be exceptionally smooth and 
chatter-free. This disadvantage is inherent; it can be com- 
pensated for, but it cannot be eliminated as long as the 
clutch members are required to rotate at different speeds. 
Further, the torque output is dependent on operation 
speed and the coefficient of friction—which is affected by 
temperature, humidity, surface contamination and a 
number of other uncontrollable variables—is generally 
critical. 

These particular limitations are minimized or eliminated 
in magnetic clutches (true magnetic clutches, that is, as 
distinguished from solenoid-actuated friction clutches). 
Three common types are available although only the first 


Magnetic-particle clutch 
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two are in gencral use on the instrument and control level 
@ Magnetic-particle 
@ Hysteresis 
e Eddy-current 

Each type, of course, has limitations of its own. ‘The 
seals required in the magnetic-particle type cut down 
clutch speed and service life, and impose a relatively high 
residual drag. Hysteresis clutches are bulky. Eddy-current 
clutches are speed sensitive. The stability of all three types 
can be upset by changes in coil resistance at high tem- 
peratures. All three require a special de supply, and some 
sort of control circuitry. 


MAGNETIC-PARTICLE CLUTCH 


The magnetic-particle clutch is the most versatile of the 
three. It lends itself easily to a variety of general applica- 
tions, without special modification. Standard units, includ- 
ing duplex models, are available in a wide range of stock 
sizes down to the subminiature. The few milliamps of dc 
excitation needed for control can usually be handled by 
miniature electron. tubes or transistors in conventional 
circuits. 


Operation 

The control medium—a fine powder of uniform magnetic 
particles mixed with a dry lubricant—is sealed in an air gap 
between two clutch members. When the clutch coil is 
energized, a magnetic field is induced through the air gap; 
the individual particles in the medium are magnetized and 
tend to cling together in seemingly solid “chains” along 
the lines of flux; as these chains grow into and across the 
gap, the two clutch faces are effectively coupled. In 
simple power applications, where constant slip is not re- 
quired, the chains behave as rigid spokes between the 
members; in constant slip operation, they shear contin- 
uously. This produces a drag torque between clutch 
members. The amount of torque produced is determined 
by the shear strength of the “chains,” which varies with 
the density of the magnetic field, up to saturation. Slip 
page normally takes place only between lubricated particles 
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at the center of the working gap, so that the actual clutch 
surfaces are protected by an immobile layer of the finely 
divided powder. 

Magnetic-fluid clutches are designed to operate on the 
same principle, but with magnetic particles suspended in 
renee an oil, This, indeed, was the original approach. In 

theory it is sound—a wet clutch may be expected to operate 
more smoothly than a dry one. In practice, unfortunately, 
a number of so-far insurmountable problems have arisen to 
stymie development. Probably the biggest headache is the 
problem of sealing fluid in the working gap, but behind 
that problem lie a number of others. For example, the 
drag torque of these units tends to vary widely and more or 
less unpredictably as the viscosity of the oil changes with 
temperature in what has to be a normal operating range. 
In continuous-slip operation, furthermore, internal clutch 
temperatures rise to levels that can cause oil breakdown 
and coking. Dry magnetic powder offers an imperfect but 
workable compromise solution. Few magnetic-fluid 
clutches are in production today. 
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900 & 3543 series —— 
Performance 

The characteristic output torque vs coil excitation curve 
of the magnetic-particle clutch is essentially linear over 
most of its range, although there is generally some non- 
linearity either as it approaches the saturation level in one 
; direction, or the zero-excitation point in the other. In 
rs hee many units both ends of the characteristic curve are non- 
fr et linear. Most of these nonlinearities can be eliminated 

¥ simply by maintaining a small quiescent current in the 
control coil. Typical curves are shown at left. 

Note that these curves are actually simplifications of 
natrow hysteresis patterns, typical of all electromagnetic 
clutches. They indicate that the torque value obtained at 
a given level of coil excitation, while the magnetic field is 
building toward saturation, is not the same as that obtained 
at the same level when the field is being collapsed. 
Characteristics of different models differ in detail, but as a 
tule the actual width of the hysteresis loop is between 
+5% and +10% of the nominal value. Repeatability of 
torque for a given current level is within 2 to 5%. 





























Series 87 


























TYPICAL MAGNETIC-PARTICLE torque curves 
show how individual models can have quite 
dissimilar curves. Single curves (middle and 
bottom) are averages—actual plots show hysteresis 
loop as in top curve. 











TYPICAL MAGNETIC PARTICLE CLUTCH PERFORMANCE DATA 





Max continuous 
Max Max Excitation frictional heat Torque-to- 
torque Speed for max torque dissipation inertia ratio 
(Ib-in.) (rpm) (w) (w) (rad /sec?) 





0.3 1000 : 0.2 111,500 (rotor) 
0.95 2500 ‘ 5 2,200 
18 2000 ; 15 316,000 
60 3400 , 75 250,000 
160 1500 ; 60 188 ,000 
1900 1000 500 19,000 
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Response of these clutches is independent of operating 
speed. It depends, in large part, on the control circuitry. 
It is fastest when the control source has infinite impedance, 
slowest—three times as slow, in most cases—with zero source 
impedance. Other factors that affect the speed of response 
include: coil configuration, magnetic materials employed, 
size and number of air gaps in the magnetic path, and 
particle dynamics. 

It is convenient to specify response speed in terms of 
“torque time constant,” which is defined as the time 
required to produce 63% of maximum rated torque as 
measured from the leading edge of a step current input 
equivalent in magnitude to the rated maximum excitation. 
The torque time constant for each model is the summation 
of three component constants: 
eAn electrical time constant, which can be reduced 
significantly either by increasing the impedance of the 
driving source or by pulsing or overpowering the coil. 

e A magnetic time constant, which can be set in design by 
proper choice of configuration or materials. 

eA mechanical time constant, which reflects a transient 
condition that exists while the particles migrate to the 
working gap and align themselves across it. This condition 
is a function of the gap geometry and flow characteristics 
of the powder. In some designs it becomes dominant. 

Standard torque time constants can run as low as 7.5 
millisec, for subminiature sizes. Nominal ratings for larger 
units are proportionately higher. 


Advantages 


For all practical purposes, the torque output of a mag- 
netic particle clutch may be considered independent of its 
operating speed. This characteristic is generally regarded 
as a primary advantage over the friction clutch, with its 
familiar, troublesome inverse relationship between output 
speed and torque capacity. 

Several other characteristics of the magnetic particle 
clutch are particularly desirable in continuous-slip use: 

e As we have noted, torque varies linearly with excitation 
current over the working range. 

e Because the clutch surfaces themselves are protected 
from wear, with all slippage confined to the center of the 
working gap, no adjustment is required over the life of the 
clutch. Thanks to improved techniques for sealing the 
powder in the gap and protecting it from contamination, 
life is now usually specified at a minimum of 1000 hr un- 
interrupted duty under maximum continuous frictional 
heat-dissipation conditions. 


e Unpredictable transient changes in the coefficient of 
friction between contact surfaces have been minimized. 
Operation under continuous slip is quiet, with no tendency 
to grab or chatter. Torque stability, on the whole, is good. 


Limitations 

Although torque is independent of operating speed, 
slip speed is a controlling factor. The rate at which either 
clutch member rotates is not significant in determining 
clutch size (as long as it falls within specified limits) but 
the speed differential between the two members is critical. 
In this respect, the magnetic-particle clutch is no different 
from any other: when it slips, kinetic energy is converted 
to heat energy. The more it slips, the hotter it gets. Result- 
ing temperature rise affects output torque in three ways: 

e Coil resistance rises with internal temperature (major 
effect). This reduces flow of current through the coil, 
which diminishes flux density through the working gap, 
which weakens the shear resistance of the magnetic 
“chains,” which decreases torque output of the clutch. 
If constant current is not maintained, the clutch dissi- 
pates less power for a given voltage, therefore temperature 
is reduced. The clutch automatically protects itself against 
high temperatures. 

e The coefficient of friction between the magnetic powder 
particles decreases under the heat, lowering the torque 
output and aggravating the temperature rise (side effect). 
While the effect on operation is less severe than in a 
conventional friction clutch, it nonetheless impairs per- 
formance. 

e Metal expansion may change the size of the working gap, 
further reducing torque stability (side effect). 

The cumulative effect of the three factors is usually a 
20% drop in clutch torque as internal temperature rises 
from ambient to rated maximum, although this change 
can be held to less than 5% with a fixed current input. 

Be sure that the clutch you specify can handle the 
frictional heat it will be required to dissipate. In instru- 
ment sizes, magnetic particle clutches are customarily 
rated in “watts maximum continuous frictional heat dissi- 
pation due to slippage,” while large units are generally rated 
in horsepower. The amount of heat your clutch will have 
to dissipate can be calculated by the following formula: 

Frictional heat = Slip speed x Slip torque x 0.01184 
where frictional heat is expressed in watts, slip speed 
(relative speed between clutch members) in rpm, and slip 
torque in pound-inches. 

Remember that most catalog ratings are based on the 


TYPICAL HYSTERESIS CLUTCH PERFORMANCE DATA 





Max. Max 


torque speed 
(oz-in.) (rpm) 


Control power frictional heat 
for max torque 
(w) (w) 


Max continuous 
dissipation 





6 
16 3600 
32 3600 
100 3000 
300 2500 
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Typical speed control system, magnetic particle clutch 























Hysteresis clutch 


arbitrary standardization of four variables: controlled speed, 
torque output, ambient temperature, and mounting condi- 
tions. It is advisable to work fairly closely with your 
supplier when specifying a clutch for a continuous slip 
application, since a small deviation from any of these 
basically artificial conventions can seriously upset the 
performance of the clutch. 

The same general rule that applies to conventional 
clutches applies to these: all other things being equal, the 
larger the unit, the greater its capability of dissipating heat. 
All other things are only occasionally equal, however, and 
many modern control applications require the selection of 
the smallest, lightest, fastest unit that can possibly do the 
job. Three standard methods will improve heat dissipa- 
tion capabilities within a given size: 
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Typical hysteresis clutch torque curve 
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100% excitation | ae. 





| | | } 
50% excitation 
7 





T 


| 


| | | 
25% excitation 











Typical eddy-current clutch torque curve 


© Cooling fins are added to increase the area of dissipating 
surface. 

e Maximum operating temperature of the unit can be 
more than doubled and wattage rating multipled by a 
factor of 10 or better with special high-temperature coil 
insulation and potting materials. 

eA liquid cooling system is employed. This method is 
most common with power clutches of integral-horsepower 
size, but it is sometimes called for on the instrument level 
as well. 

There is another limitation inherent in these clutches 
that demands careful consideration. It is described in the 
catalogs as “drag torque at zero excitation.” 

All clutches exhibit some residual drag, if only as a 
result of normal bearing friction and windage. Magnetic- 
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particle clutches add to these particle drag and seal fric- 
tion. In most large and intermediate sizes drag friction is 
insignificant, running from 0.5 to 1.0% of maximum 
torque for breakaway drag, and from 0.25 to 0.5% of 
maximum for running drag, measured at zero excitation and 
500 rpm. In subminiature models, running drag run as high 
as 10% of maximum torque. This value is unaffected by 
normal changes in environment. 


Control 


Magnetic-particle clutches are externally controlled, and 
provision must be made for their regulation. The type of 
control is determined by the application. 

A potentiometer can be used in applications that 
demand only that the clutch supply a predetermined slip 
torque to be set by an operator. This control is used on 
winding machines, where tension must be regulated 
manually to suit various materials and material sizes, and 
on torque wrenches, where maximum output is varied 
according to assembly instructions. 

For automatic control, a switching network may be 
sufficient. In a typical example, switches are connected 
to tap various excitation levels when actuated by the 
motion of the machine. Or the control may be a poten- 
tiometer mechanically driven by the machine as it goes 
through its cycle. Tape timers and electromechanical timers 
can also be used. 

When the clutch is a speed controller, error signals 
can be generated by an ac or dc tachometer, connected 
through an amplifier as shown at left. 


Mounting 


The heat-transfer path from a continuous slip clutch 
to its surroundings must be unobstructed. Good radiation 
and convection are expected in the manufacturer’s ratings. 
Whenever possible, the clutch should be mounted on a 
structural member sufficiently large to allow additional 
heat dissipation by conduction. In difficult applications, 
forced-air or water cooling may be necessary. 


HYSTERESIS CLUTCHES 


Hysteresis clutches offer smooth action and close torque 
control unaffected by environment, slip speed or aging. 
They work well in continuous-slip service, and are fre- 
quently used in winding machines, dynamometers, and 
sensitive drilling machines. They are at their best in the 
smaller sizes—at torque ratings down to ounce-inches. They 
tend to grow bulky at ratings over 1 hp, and their relatively 
low amplification ratio (about 15:1) becomes a handicap. 


Operation 

Basically, a hysteresis clutch consists of a high-hysteresis 
steel rotor spinning in a rotating magnetic field. There is 
no mechanical coupling between the clutch members. In 
a typical instrument, a high-hysteresis, hard-steel outer 
member surrounds a slightly smaller magnetic rotor, in 
which the control coil is housed. When energized, the 
coil creates magnetic poles on the magnetic driven member 
(rotor); these poles induce corresponding poles within 
the constant-speed stee] driving member; once established, 
the two sets of poles resist any force that might change 
their alignment, so that the two members tend to rotate 
synchronously, as if directly coupled. By varying the level 
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of excitation on the coil, the clutch can be forced to 
slip, producing a variable torque. 


Performance 


The characteristic torque vs excitation curve of the 
hysteresis clutch is similar to that of the magnetic particle 
clutch. That is, it is essentially linear over most of its 
range, with small deviation as it approaches the zero-exci- 
tation and the saturation points. A typical curve for a unit 
rated at 15 w is shown at left. The actual curve, of 
course, is in the form of a narrow hysteresis loop. Torque 
control is extremely close, +1% for a given current level. 


Advantages and Limitations 


The hysteresis clutch offers the same advantages as 
the magnetic particle type, when compared with friction 
clutches in continuous slip operation. Briefly, these include: 
e Torque output independent of speed 
e Torque varies linearly with excitation 
e No wear, no adjustment during service life 
© Chatter-free operation 
© Good torque stability 

Again like the magnetic particle clutch, heat dissipa- 
tion is a major problem. Torque stability can be upset 
by temperatures high enough to alter the resistance of 
the control coil. And metal expansion may change the 
size of the working gap, further reducing torque stability. 

The hysteresis clutch and the magnetic-particle clutch 
offer basically similar performance. In many continuous- 
slip applications the two types may be considered alter- 
natively. 

Most advantages of the hysteresis clutch over the 
magnetic-particle type are relative, rather than funda- 
mental. In tight decisions, however, they may prove 
compelling. 

Hysteresis clutches present no sealing problem. Although 
seals for magnetic particle clutches have been improved 
considerably, they are still the determining factor in the 
life of the clutch. Potential service life of a hysteresis 
clutch, therefore, is significantly greater. 

Linearity of a hysteresis clutch is usually slightly better 
than of a comparable magnetic-particle clutch, and per- 
formance is a bit smoother because no mechanical control 
medium is introduced into the working gap. Response is 
about the same for both types. Idling drag in these 
units is negligible. 

These relative advantages must be weighed against 
certain clear limitations. The hysteresis clutch is bulky; 
a magnetic-particle clutch of the same torque rating, with 
closely equivalent sensitivity, can be supplied in a much 
smaller and lighter package. Magnetic particle clutches, 
moreover, offer a decidedly superior amplification ratio. 


EDDY-CURRENT CLUTCHES 


Eddy-current clutches are limited in application by their 
speed-torque characteristics and by the high temperatures 
they generate in continuous slip. Like the other two mag- 
netic clutches, they give smooth operation and accurate con- 
trol, but other characteristics are fundamentally different. 
Most electrically controlled types are highly specialized 
for limited applications, although fairly versatile perma- 
nent-magnet types are now available. They offer excellent 
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TYPICAL EDDY-CURRENT DRIVE PERFORMANCE DATA 
(Clutch in standard fractional hp package with constant-speed motor and speed control) 





Speed Full-load 
Range Current 
(rpm) (amp) 


1650-65 3.6/1.8 
1.3/0.65 
3200-130 


3300-130 
1600-65 





3100-130 
3300-130 : 
27 1550-65 2/1. 


WOW WWW — 











Note: Typical clutch unit, rated for % hp at 1800 rpm or 12 hp at 3600 rpm, measures 7 x 8 x 1314 in., requires excitation of 1 amp at 40 v or 
0.38 amp at 90 v. Time constant is 0.20 sec. 


service in power applications, but are seldom used on the 
instrument control level under consideration in this 
article. 


Operation 


In basic construction, an eddy-current clutch is so 
similar to a hysteresis clutch that a single cross-sectional 
drawing can be used to illustrate both types. The critical 
difference between them is in the materials used: in the 
eddy-current clutch, a soft-iron or special mild-steel rotor 
is substituted for the high-hysteresis member, and _ its 
magnetic segments are interconnected to induce eddy cur- 
rents and inhibit hysteresis. As the clutch slips, torque 
is developed by the dissipation of eddy currents through 
the electrical resistance of the rotor ring. Increasing 
the rate of slip with constant excitation applied to the 
field coil generates stronger eddy currents, and increases 
torque. Varying excitation, on the other hand, changes 
field strength, which, in turn, proportionately affects the 
torque developed. To maintain constant output speed, 
clutch excitation must be modulated constantly to match 
changing load demands. 


Performance 


The eddy-current clutch is unique in that it must slip 
to develop torque. The torque vs slip relationship of a 
typical fractional-hp drive using an eddy-current clutch 
is shown on p. 26. Note that torque increases as a func- 
tion of slip and excitation current. Transmitted power 
is proportional to the product of torque and output speed. 
Lost power is proportional to the product of torque and 
slip speed—power which must therefore be dissipated as 
heat within the clutch. For this reason, most small 
units contain built-in fans for forced air cooling, and 
larger units are usually water-cooled. 


Advantages 

The torque output of eddy-current clutches can be regu- 
lated over a wide range simply by varying the excitation 
current. These clutches are particularly useful as variable- 
speed controls for constant-torque loads, when supplied 





with error signals from a coupled tachometer-generator 
feedback system. In such applications, they offer good 
inherent regulation, with a maximum speed variation of 
+2% over load changes of 75%, and with +2% stability 
over the entire speed range. 

Operation is smooth and quiet. Since there is no 
mechanical coupling, shock loading is virtually impossible. 
Torsional damping qualities are excellent. 


Limitations 

As with the other types, torque stability can be upset 
by temperatures high enough to affect coil resistance. The 
problem is complicated here by two important consider- 


ations: 
e Eddy-current clutches run even hotter than the other 


types 
e Unlike the other types, they are inherently speed- 


sensitive. 


For REPRINT of above article, just check 628 on one of the 


Reader Service cards found in this issue. 


EDITOR’S NOTE: This article completes a series which 
was started eight months ago for the purpose of presenting 
a complete, up-to-date survey of the clutch field. Because 
it was impractical to comprehensively cover the subject in 
one article, we divided the field into two segments—instru- 
ment and power clutches—and covered it in four articles. 
One additional article is being contemplated because this 
experience suggests that an article on standards and stand- 
ard definitions is in order. 

The other three articles are: 

Selecting Clutches for Mechanical Drives, June 19 '61, p 
483—Tells how to analyze the power train starting with the 
load requirement. Then a three-step procedure helps you 
pinpoint the type, location, and size of the clutch you want. 

How to Select Electromagnetic Clutches and Brakes for 
Automatic Control, Dec 19 ’60, p 29—Gives design informa- 
tion on the three major types—with sketches of 10 designs 
and 12 applications—to help you make the right choice, 

Realistic Ways to Speed Response of De Clutches and 
Brakes, Jan 23 ’61, p 41—Analyzes response time in three 
logical steps: What is response time? What speeds are 
practical? How will standard units give you extra speed? 

Frank Hall 
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PRODUCT DESIGNS 





Walking conveyor 
stays level 


Keeping one foot on the ground at all times prevents 


jumbo-sized conveyor from tilting. Smooth steps permit 


operation during movement. 





Hydraulic 
cylinder 


Ball race — ; 


Truncated / rs ae 
cone Be Slide 


i Sx 


WALKING UNDERCARRIAGE consists of a truncated cone with a circular shoe 
inside it. The cone encloses the moving shoe and provides a base for the ball 
race on which the entire conveyor rotates. 

When walking, the shoe is lifted by motor driven jacks and advanced in the 
direction of travel. The shoe is then lowered until the cone clears the ground 
and the unit, now supported by the shoe, moves in the direction of travel. Shoe 
and turntable are linked by a ball-bearing slide which supports the conveyor 
during travel. Hydraulic cylinders move the shoe and the turntable horizontally 
on the slide. 

Turntable and shoe are rotated by the turntable drive to point the conveyor 
in the required direction. The maximum step length is 3.28 ft and peak walking 
speed is 230 ft/br. 





drive 

















a = — 
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Turntable 


Turntable 


STRIP MINER consists of two over- 
lapping conveyors supported on the 
walking undercarriage and caterpillar 
treads. The outer end of the first con- 
veyor is supported by caterpillar 
treads and the inner end pivots on 
the centerline of the walking base. 
The second conveyor is entirely sup- 
ported on a cantilevered jib counter- 
balanced by the electric power control 
room, transformer and workshops. 
Among the instrumentation included 
is an anemometer which stops all op- 
erations if a predetermined wind 
velocity is exceeded. 





PS .. . Strip-mining unit moves rock 
at a rate of 53,000 cu ft/hr with a belt 
speed of 15 fps. The 528-ton unit exerts 
a ground pressure of 9.95 psi when 
moving and 4.98 psi when stationary. 
Continuously operating conveyor is elec- 
trically powered from a 6000-v source. 
The two belts transport material a total 
of 312 ft to an elevation of 60 ft. The 
ZP-1500 strip mining conveyor was 
produced by VZKG Works, Ostrava, 
Czechoslovakia. 














PRODUCT DESIGNS 





Pneumatic fuse 
protects press 


Hydraulic-pneumatic circuit breaker prevents 
press damages when overload occurs. Hydraulic 
pitman can be set for reduced working 


tonnage to protect tools and dies. 

PITMAN consists of cylinder and piston assembly which 
telescopes if press or tool capacity is exceeded. Desired 
overload or retreating pressure can be adjusted directly in 
tons at the air pressure regulator. A limit switch actuated 
by movement of the pitman piston can operate a signal 
system, power cutoff or positive clutch control. When 
pressure is adjusted to produce a deliberate retreat during 
each stroke it enables the use of a mechanical press where 
a hydraulic press would normally be required. 


CYLINDER of pitman assembly is lo- 
cated in the upper section which 
clamps around the crankshaft throw. 
The piston in the lower part is threaded 
to accept an adjusting screw. Air 
drives the hydraulic pump and also 
pressurizes the piston of the relief- re 
valve assembly. High-pressure oil holds Pressure regulafor— 
the main control cylinder fully ex- 
tended. The desired retreating ton- 
nage is set on the relief-valve air-pres- 
sure regulator. The pressure regulator 
is calibrated in tons. " Relief valve assembly 4 
When press force exceeds the desired Hydraulic check valve \ Nike 
tonnage, pressure rises in the main 7. 
control cylinder and the relief-port ball ri 
is forced off its seat. Oil is ported to Air line q 
the tank. Escaping oil permits the 
piston and adjusting screw to retreat, 


protecting the press. Main control 
cylinder 


Relief port 





Pneumatic pump 


Adjusting screw 





PS . . . Hydraulic overload pitman Pressure line 


can be used to replace standard units Drain line 


on most conventional punch presses. 
The four models available provide a 
max capacity range from 47 to 165 
tons. The pitman is produced by Dayton 
Rogers Mfg Co, Minneapolis, Minn. 


= 4 


Tank Overload 
retreat 
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how to select 
DRAFTING PAPER 





ABOUT OGILVIE PRESS, INC. 


The author’s company special- 
izes in preparing printed draft- 
ing materials of all kinds for 
architects and engineers. Ogilvie 
has developed a number of 
special inks for printing on draft- 
ing paper and is the originator 
of the nonreproducible cross- 
section grid. Today the company 
serves over 20,000 customers 
here and abroad with products 
ranging from sketch pads to pre- 


cision grids for printed circuits. Brooklyn, NY 








® Why is it important to choose the right kind of drafting 
paper? Let’s ask the question another way: What would 
it cost to redraw every drawing in your files? Thousands? 
Millions, probably. That’s the price riding on your deci- 
sion. 

Not many years ago, a large electronics firm discovered 
that the vellum they had chosen five years before was liter- 
ally falling apart in the files. They paid the price. Or 
what about the small manufacturer who found the drawing 
film he was using was not satisfactory for the microfilming 
required by his government contracts. He paid it too. 

Careless or (what amounts to the same thing) unin- 
formed decisions were responsible for similar catastrophies: 
paper that discolored with age to the point that it could 
no longer yield a satisfactory print; film with a surface 
coating that flaked off after only a few months. 

The hazard in choosing the wrong paper is clearly a two- 
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New materials and steady improvement in 
conventional ones have made the choice a 
difficult one. Here is a comparison of all types 
and how to select those that best fit your needs. 


JOHN J PAGE, president 


Ogilvie Press, Inc. 


sided affair. First there is the risk of getting a poor quality 
material. Second, there is the risk of selécting the wrong 
material for your needs. In either case, the answer is to 
know what is available and what properties to look for. 

Ideally, the material should be strong, durable, trans- 
parent (for reproducibility), inexpensive, stable (no change 
in dimension with change in temperature and humidity), 
resistant to aging, and suitable for pen, pencil, typing, chart 
tape and microfilming. But you can’t have them all. To 
get maximum transparency with paper you must sacrifice 
strength and durability. With film, you can get all three 
but the cost is high. And the cost is even higher if you 
demand extreme stability. 

Available drafting room materials fall into four cate- 
gories. From most expensive to least expensive they are: 
polyester film, cloth, vellum, paper. Many firms use some 
of each. According to a recent survey, vellum tops the list 
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DRAFTING PAPER continued 


in popularity, with polyester film following closely behind. 
All have a place in the modern drafting room. 


Vellum 


Still the most popular and the least expensive of the 
general-purpose drafting materials, it serves most noncriti- 
cal drafting needs. Basically, vellum is a rag paper treated 
for more transparency and better durability. Two types of 
transparentizers are in use today. Though the purpose of 
both is the same, each gives the paper slightly different 
characteristics. 

Mobile transparentizers are similar to the mineral oil 
used to make some of the first translucent drafting mate- 
rials. Today, mobile transparentizers are a synthetic oil or 
plasticizer. Its chief undesirable characteristic is its im- 
permanence: it dissipates slightly with time causing a re- 
duction in transparency after a few years. But this “mobil- 
ity” also offers an advantage: the transparentizer will diffuse 
through the paper to fill marks caused by creases or heavy 
erasing. In general, papers treated with a mobile trans- 
parentizer have less initial transparency. The once-common 
problem of staining or “leaking” has been solved for the 
most part. 

Solid transparentizers, by contrast, are permanently im- 
pregnated into the paper and suffer little from aging effects. 
The inert resins used in their manufacture provide a high 
level of initial transparency but because they stay put once 
they are in the paper, folds and cracks caused by rough 
handling will show as ghost marks in prints made from the 
drawings. 

Of the two, solid transparentized vellums are slightly 
more popular, probably because of their better aging re- 
sistance. They are also somewhat more expensive. 

The other characteristics of vellums—strength, erasing 
qualities, stability, pencil and ink “take”—depend largely 
on the quality of the paper base material. These can vary 
considerably from one stock to another. Vellum is supplied 
in a range of weights varying from 10 to 24 lb (weight of 
500, 17 x 22 in. sheets). For ordinary drafting purposes, a 
weight between 16 and 20 Ib has sufficient durability with- 
out sacrificing transparency. 

The Trend: Because of its low cost, and with steady 
improvement in manufacturing methods, the solid trans- 
parentized vellum will continue to hold its position as the 
preferred, all-purpose drafting medium for the next few 
years. However, a cost reduction in competitive materials 
may change the picture. 


Polyester film 


This is the newest.and undoubtedly the finest all-purpose 
drafting material available today. In little more than five 
years it has captured a large portion of the market and 
now threatens to replace conventional materials in many 
drafting rooms. 

Polyester film is made by bonding a mat surface to one 
or both sides of a clear Mylar sheet. (Actually, the sheet 
must be coated on both sides to prevent curling, whether 
the coating has a mat surface or not.) If the coating is 
applied by one of the many processors (called “converters’’) 
the product is known generically as Mylar film and specifi- 


text continued on page 84 
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THESE STANDARD LABORATORY 


You can’t make these tests yourself—the testing 
machines are too specialized and too expensive. But 
before buying a drafting material you should know 
where it stands on each of these measures of quality. 
Testing laboratories and paper manufacturers use 
these tests for quality control, for comparing com- 
petitive products and to determine whether the mate- 
rial meets federal specifications. 

The eight tests below are chiefly designed for 
paper and vellum. Some of them are also used for 
film and cloth, but in the case of these materials, 
there are additional tests that give a measure of 
quality. With film, for example, there are tests for 
stability and clarity. And for cloth, tests emphasize 
such properties as thread count and moisture re- 
sistance. 

Basic weight is measured by weighing ten sheets 
of paper, 1 ft sq. This figure is then extrapolated 
to give the weight in terms of 500 sheets, 17 x 22 in. 
Usual weights range from 8 to 16 lbs, for paper 
and from 10 to 24 lbs for vellum. 

Thickness is average thickness of ten sheets indi- 
vidually measured by micrometer (max and min 
readings are also given). Thickness of natural bond 
paper in the usual weights varies from 0.0015 to 0.003 
and vellum ranges from 0.002 to 0.004. 


Bursting strength is measured by the Mullen tester 
shown above. The sample is pressed over a fixed 
opening in the end of a pipe as shown at left, and 
bursting pressure in psi is read from the pressure 
gages (with telltale hand that records max pressure). 
The usual procedure is to make ten tests with ten 
sheets and record max, min and average bursting 
strength. For a 13-lb 100%-rag paper, a typical read- 
ing is 30 Ibs; 35 Ibs would be a very good reading. 
A vellum of the same weight would give about the 
same readings. 

Resistance to tearing is measured by an Elmendorf 
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TESTS GRADE DRAFTING MATERIALS 


tester. A standard size sample is held between a 
fixed clamp and a movable clamp and the tensile 
strength measured in grams. Ten tests are made: 
five in one principal direction and five in the other. 
Max, min and average readings are recorded. Typical 
reading for an average paper or vellum is 25 gms; 
for a good paper or vellum: 40 gms. 


eee 
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Surface smoothness is measured by the Bekk tester 
above. The sample is pressed against a polished 
metal surface with a calibrated force and air pres- 
sure applied to the joint. The instrument measures 
‘the time required for 10 cc of air to leak past the 
joint formed by the surface of the paper and the 
metal surface. Five tests are made on each side of 
the sheet. For a reasonably rough surface, the time 
would be about 10 sec; for a smooth surface, about 
40 sec. 

Dimensional Stability, as affected by humidity, is 
determined by the TMI Expansion and Shrinkage 
tester (formerly known as Schopper Expansimeter). 
A standard size sample is stretched with a fixed force 
between two clamps, one of which is movable. A dial 
indicator measures change in length when relative 
humidity is changed from 65% to 50%. Five samples 
are tested in the two principal directions. Typical 
reading for paper or vellum with average stability is 
0.20%; with extreme stability: 0.13%. 





Folding endurance is determined by the Schopper 
tester above. The sample is clamped between two 
spring-loaded spindles and passes through a slotted 
block carrying a slotted oscillating plate. The block 
is equipped with rollers where the paper passes over 
its edges. The fold (actually two 90° bends) occurs 
at the edges of the oscillating plate. The counter on 
the front of the machine records the number of 
double folds (back and forth) the paper will with- 
stand before it separates at the fold. As before, 
results are in terms of max, min and average number 
of folds of five samples measured in the two prin- 
cipal directions. Usually, the material is tested again 
after aging for 72 hours at 100 C. Typical reading 
before aging: 1800 double folds; after aging: 1100 
double folds. 

Opacity (or transparency) is usually measured by 
a Bausch & Lomb Opacimeter or a Photovolt Reflec- 
tion Meter. In either case, the test is made by plac- 
ing the sample between an ordinary incandescent 
light source and a reflecting background. The meter 
measures the difference between light reflected from 
a black background and that reflected from a white 
background. This difference is recorded in percent 
with 100% being perfectly opaque and 0% being per- 
fectly transparent. Usual procedure is to make five 
readings before aging and five readings after 72 
hours at 100 C. Max, min and average readings are 
given along with average increase in opacity after 
aging. Typical reading before aging: 41.5%; after 
aging: 46%. 

Though these mechanical tests are valuable, the 
true test of a drafting material is its performance 
on the drawing board. That is the only place to test 
such qualities as erasability, pencil and ink “take”, 
reproducibility. At the moment, there is no way to 
make a quantitative measurement of these all-impor- 
tant properties. 
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DRAFTING PAPER continued 


COMPARE THESE COMMON MATERIALS 





Strength Flexibility 


Erasibility Comments 





Vellum Fair Excellent 


(solid transparentizer) 


Most popular general- 
purpose material 


Fair Good 





Velium Fair Excellent 


(mobile transparentizer) 


Fair Good Popular general-purpose 





Polyester film Excellent Excellent 


Best all-around drafting 
material 


Excellent | Excellent 





Tracing Cloth Good Excellent 


(pencil) 


Moisture resistant, 
accepts ink poorly 


Good Excellent 








Tracing Cloth Good 
(ink) 


Excellent 


Good Excellent For permanent drawings 





Excellent 


Paper (all rag) " 


Good : For drawings requiring 
few copies 





Paper (part rag) Excellent 


Chief, for sketches and 
preliminary drawings 





Paper (all sulfite) Excellent 


Poor ” Chiefly for sketches and 
preliminary drawings 





Glass cloth Excellent 


Excellent 


Little used, replaced by 
stable base polyester 
film 


Excellent 





Viny! film 


Excellent 


Little used, except for 
scribe-coated stock 





Acetate film 

















Good . Little used, except for 





overlays 

















cally by the converter’s trade name. On the other hand, 
precoated film is available directly from the Mylar film 
manufacturer (DuPont) and is known by the trade name 
Cronaflex. The only difference between Cronaflex and the 
Mylar films is the coating process. However, it has been our 
experience that Cronaflex is a somewhat superior product, 
being less subject to manufacturing variations. 

Polyester films have many attractive qualities. First, they 
are easily the most durable materials ever provided for the 
drafting room. They cannot be torn, bent or cracked— 
they are virtually indestructible. Transparency is unex- 
celled; pencil lines reproduce sharp and clear and second 
originals made from pencil drawings have an almost ink-like 
quality. Because of their transparency, you can make prints 
faster than with any other drafting media. 

Draftsmen who work on the polyester film find that they 
do not need to use a soft pencil to get a dense, heavy line. 
The harder pencils give sharp, clean lines without danger of 
smudging. Also, special pencils are now available, that give 
strong reproducible lines without smudging. 

When working with ink, be sure the surface is clean 
and free of oil that may come from handling. (To remove 
oil, use an eraser or a dry cleaning pad.) A high-viscosity, 
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quick-drying ink works best. Pencil and ink lines are easily 
erased without leaving ghost marks. Use an electric eraser 
sparingly. It is not needed for most erasures and there is 
danger of overheating and warping the base material. 

Resistance to aging is another area where these films score 
well. Stored for a long period of time, they will show only 
slight discoloration, or loss of flexibility and transparency. 
This characteristic, however, varies to some extent with the 
converters of Mylar film. 

Polyester film is supplied in six thicknesses: 0.002, 0.003, 
0.004, 0.005, 0.007, 0.0075 in. (This is the thickness of 
the base material; after coating it is 0.0005 to 0.0015 in. 
thicker.) For general-purpose drafting, the 0.002, 0.003 or 
0.004 film is adequate. The heavier materials (0.005, 0.007 
and 0.0075) are called “stable base” materials and are used 
where extreme dimensional stability is required (templets 
and printed circuits, for example). Its inch-per-inch sta- 
bility in all directions is on the order of 0.15 x 10~ per deg 
F or per 1% change in relative humidity. 

The Trend: Where emphasis is on superior performance, 
polyester film is the growing choice. At its present price, 
it is a fair competitor for cloth and is even replacing vellum 
in some applications. 
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NATURAL BOND (100% rag) 








TESTS YOU CAN MAKE 


Here are some simple checks to help you judge the 
quality of a drafting material before you buy. 

@ Drop a sheet on a flat surface. A good stock 
should lie flat with little tendency to curl or warp. 

© Hold a sheet so that the light reflects from the 
surface. A well-made sheet will show no streaks, stains, 
or other irregularities. 

e Draw a line and erase it several times. Notice 
how well it erases. Look for abrasion of the surface. 
On film, watch for a tendency to cut through the lami- 
nated coating. Make a copy of the erased line on your 
reproduction machine and inspect it for ghosts. 

@ Crease a corner several times back and forth and 
notice how well it recovers. Does the crease leave a 
line that will show up in reproduction? Does the ma 
terial crack? Is it easier to tear along the crease? 





© Rub the surface with a moistened finger or cloth. 
If the material is water resistant, there should be no 
mark and no warpage. 

© Tape a large sheet to a stable surface—a sheet 
of metal or an aluminum drafting board, for example. 
Allow it to stand at a constant temperature for several 
days. Look for wrinkles or bumps that are a sign of 
poor moisture stability. 

© For film, scrape a sharp instrument (your finger- 
nail will do) across the surface and look for a mark. 
Film with a tough coating should show little or no 
mark. 

© For cloth, press a piece of pressure-sensitive cello- 
phane tape over a dry, inked line. Now pull it off and 
look for a mark on the tape. A cloth with good ink 
adhesion should show little or no ink pick-up. 








Cloth 


Until the introduction of the polyester films, cloth was 
the best material for permanent drawings. Because it is a 
coated linen, it is stronger and more resistant to aging than 
paper. Many companies still rely on cloth because they 
feel it gives sharper microfilm images than polyester film 
when photographed with reflected light (the usual method). 
However, microfilm specialists claim that film can be pho- 
tographed with transmitted light to give equally good re- 
sults. Though some draftsmen still prefer to work on cloth 
rather than film, it is our feeling that the demand for cloth 
will diminish as more draftsmen discover (and become ac- 
customed to) the advantages of polyester films. 

Like film, cloth is available with a toothed surface on 
one or both sides. Most of the cloth sold, however, has a 
working surface on one side and a glazed surface on the 
other. White is the more common color but blue tracing 
cloth is also available. Surface coatings come in three dif- 
ferent grades: pencil surface moisture-resistant pencil sur- 
face and ink surface. 

Moisture-resistant cloth is best for most drafting-room 
work because water and perspiration drops will not mark or 
distort the material in a way that shows up in reproduc- 
tion. In fact, it can be immersed in water for several hours 
without damage. But it has a disadvantage: ink, being a 
water-base liquid, does not adhere well to the surface. 
Some manufacturers make moisture-resistant cloth claiming 
that it is suitable for either ink or pencil. However, inked 
lines flake off more easily than they do on plain cloth. 
Moreover, drawing time is greater and results uncertain. 

Plain cloth, surfaced for either pencil or ink, is somewhat 
less expensive than the moisture-resistant variety. But it 
must be handled more carefully to avoid water spotting. 
Pencil-surfaced cloth has a noticeably rough surface 
(“tooth”) for better pencil take; ink-surfaced cloth has a less 
pronounced tooth but it is more resistant to the abuse of 
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heavy erasing. A good quality ink cloth will withstand sev- 
eral erasure—re-inking cycles without the ink spreading or 
“feathering”. 

The Trend: In most drafting rooms, cloth is being slowly 
replaced by film except for those situations where it is felt 
that cloth gives better microfilming results. Of the drafting 
rooms still specifying cloth, most prefer pencil drawings 
on moisture-resistant cloth. These withstand extensive 
handling and reproduce nearly as well as ink drawings. 


Paper 


Despite the development of newer and better materials, 
there is still a place for natural bond tracing paper in many 
drafting rooms. The reason: it’s inexpensive and adequate 
for many jobs where durability and transparency are not of 
primary importance. 

Natural bond papers are manufactured in various com- 
positions, from 100% rag, to mixtures of rag and sulfite, 
to 100% sulfite. Sulfite is made from wood, chemically 
reduced to fibers (wood can also be reduced to fibers by 
grinding, but the resulting paper is of poor quality, un- 
suitable for the drafting room); rag paper is made from 
cotton fibers. There is a wide variation in quality, even 
among papers of the same composition. The over-all quality 
of a 100%-rag paper, for example, can range from very 
good to fair, depending on the type of rag and the tech- 
nique of manufacture. 

In the drafting room, the only suitable natural bond 
papers are the all-rag varieties; the part-sulfite and all-sulfite 
papers should be restricted to sketches, note paper, com 
putations and one-shot free-hand drawings. Compared to 
the sulfite papers, the 100%-rag stocks are little affected 
by aging and have excellent strength. They are suitable 
for work with pencil, ink or typewriter and can be erased 
without ghosting and with little damage to the surface. 

On the other hand, sulfite paper, with its shorter fibers, 


43 





DRAFTING PAPER continued 


is more transparent and permits faster reproduction. Sulfite 
paper, in fact, can be made even more transparent than 
the most transparent vellum. But the short fibers seriously 
limit the strength, the most transparent being too fragile 
for any kind of drafting work. And the chemicals used in 
their manufacture cause yellowing and deterioration of 
strength after a relatively short time. 

Because of its low cost, untreated rag paper should be 
specified for tracings, sketches and drawings that do not 
require a large number of prints. It ages as well as vellum 
and is entirely satisfactory for drawings that will become a 
part of the permanent file. For these reasons, it is often 
the preferred medium for research and development shops 
where only one or two sets of prints are needed and there 
is only infrequent reference to the original. It is manu- 
factured in weights from 6 to 16 Ib, the 10- to 14-Ib stocks 
being the most common choice. 

The Trend: Not much change expected in the next few 
years. Where 100% rag stock is adequate for the job, it is 
the least expensive choice. 


Special materials 


Though the four materials described above should meet 
almost every drafting need, there remain a few special 
materials found in some drafting rooms. Some are all but 
obsolete; others, though less popular now than they once 
were, still have some market because of certain limited 
applications. 

Glass cloth, for example, was once the unanimous choice 
for templet drawings and other drafting work requiring a 
dimensionally stable drawing surface. It changes little with 
changes in temperature and humidity, and is transparent 
enough to allow sharp, fast reproductions. But because 
of other undesirable characteristics, it has been almost 
entirely replaced by the heavier, stable base, polyester 
films. 

First, it is expensive—almost three times the cost of the 
best polyester films. Moreover, the glass fibers are easily 
damaged: edges fray and crumble if not properly taped or 
bound and surface fibers can be broken with sharp drawing 
instruments. If it is surfaced with an opaque scribe coat, 
as is commonly the case in making templets, the draftsman 
must be careful not to scribe deeper than the thickness of 
the coating. Broken fibers seriously reduce the transparency 
and affect reproduction qualities. Glass cloth is still used to 
some extent in the aircraft industry but this market is 
diminishing. Many drafting supply houses have now re- 
moved it from their catalogs. 

The polyester films have also nearly eliminated the once- 
popular vinyl and acetate films. Vinyl stock, coated in 
the same way as the polyester films, was originally intended 
as an all-purpose drafting medium. However, in the case of 
vinyl, the mat surface does not adhere well, and the base 
material is weak and becomes brittle with age. Vinyl is 
still used as the base for scribe-coated stock because it is 
less easily scratched or cut with the scriber than the 
polyester-base materials. 

Acetate film was also used as a general-purpose material 
to some extent but it, too, has poor aging qualities and very 
low tear strength. It is used today almost exclusively for 


aa 


overlays and other applications where the need for extreme 
transparency outweighs its less desirable properties. 


When buying, remember that. . . 


Transparency can’t be judged by looks alone. Even 
though a material looks transparent to you, it may be 
blocking certain frequencies of light. Transparency to the 
ultraviolet light in your reproducing machine is what you're 
after. A paper with a yellow cast may print faster than a 
more transparent-appearing paper with a blue cast. 

Adhesive symbols and special chart tapes work best on 
the Mylar films. Because these tapes are normally used for 
printed circuits and other applications where dimensional 
stability is important, the heavier films (0.005, 0.007 and 
0.0075) are recommended. Tapes can also be used on 
vellum but work best on those with a solid transparentizer 
because the adhesive absorbs a mobile transparentizer. 

Drawings for the military must be put on a material that 
meets the federal specifications. Find out what the require- 
ments are before you buy. Also, title blocks and format 
must conform to military specifications. 

Preprinted title blocks, borders, tolerance blocks, change 
blocks and other information save drafting time and are 
economical for even the smallest drafting rooms. Printed 
copies can be made up by a drafting supply house or by a 
printer who specializes in printing drafting paper. Con- 
sider preprinting other information such as standard ab- 
breviations, or even parts of the drawing itself if it is a 
standard device with a large number of variations. Pale- 
blue nonreproducing lines can also be preprinted. These 
may be in the form of grid lines, parts of drawings or pro- 
prietary information that you do not want to appear on 
prints sent to subcontractors. Lines of various colors can 
be used to make lines of varying prominence on prints. Or 
black lines can be screened to make them less prominent. 

Choose pencils, erasers and inks to match the peculiari- 
ties of the drafting material. For the best combination, 
find out what the manufacturer recommends, or run a few 
experiments with several different types. Because these 
supplies are inexpensive, experiments are cheap compared 
to the possible saving. A good pencil will give a sharp dense 
line without smudging and without need for frequent re- 
sharpening. And the right eraser should remove marks with 
little effort and a minimum of surface abrasion. 


For REPRINT of above article, just check 627 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: For more about drafting materials, 
equipment and methods see: 

Latest Technique in Camera-made Drawings, Sept 5 ’60, 
p 58—Two important improvements in the photodrawing 
method and two case histories. 

13 Ways to Cut Drafting Costs, Sept 28 ‘59, p 28—A 
check list of modern drafting room methods and a guide 
to manufacturers of time-saving drafting equipment. 

Microfilm Pushes Drawings Aside, Oct 27 '58, p 44—What 
microfilm can do to save space, money and engineering 
time. 

For Today’s Draftsman, These Modern Tools, Oct 13 ’58, 
p 68—A look at what’s new in drafting boards, drafting 
machines, reproduction equipment. 

—Charles J. Lynch 
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STAR 
PERFORMERS 


Madison-Kipp zinc and aluminum die castings 


Impellers for a ventilator pump must be held to ex- neering skill, die making experience and years of 

tremely close tolerances. manufacturing background of Madison-Kipp are 
Madison-Kipp showed the way to produce these available to you. 

parts with a bare minimum of secondary operations. We have a 24-page book showing some of the die 
If it is an intricate shape, a question of close toler- casting problems we have solved, and containing in- 

ance, a problem of casting-in inserts or just a depend- formation on other Madison-Kipp products. A copy 


able source for quality castings in quantity, the engi- is yours for the asking. 


MADISON-KIPP CORPORATION 


a id 206 Waubesa Street + Madison 10, Wisconsin, U.S.A. 


Skilled in Die Casting Mechanics + Experienced in Lubrication Engineering + Originators of Really High-Speed Air Tools 


PRODUCT ENGINEERING + AUGUST ‘28, 1961 CIRCLE 45 ON READER SERVICE CARD 45 





For rectangular frames under uniform loads 


No three-moment equations needed 
instead, design curves find the three key 
bending moments. 


L BALSYS, design consultant, Don Mills, Ont 


® Rectangular frames reinforce duct- 
ing, bins, tanks, airlocks and test cham- 
bers. In each of these cases air pres- 
sure, water pressure or possibly grain 
or gravel pressure exerts a uniform load 
on the frame. Starting from scratch to 
solve for bending moments one must 
apply the three-moment equation. At 
the first stage of simplification one can 
use equations worked out for each dif- 
ferent kind of loading (“7 Moment 
Formulas for Rectangular Frames,” 
kin. Nov 23 ’59, p 94). Here is a second 
RSA pe stage of simplification, curves for the 

single case of uniform loading. 
Equations find bending inoment at 

three important positions. 


Moment of inertia of short side of 
frame and long side of frame re- At the corners M, = aM 


spectively, in.‘ At the middle of the short side 
M, = a,8M 

At the middle of the long side M, = 
a,.BM 
Moment multiplier, in.-lb For external pressure 8 = +1; for in- 
Bending moment at corner, mid- ternal pressure 8 = —1l. Moment 


span of short side and midspan of ws as re 29 
long side, respectively, in.-lb multiplier M = WL,'/12, and a «, ; 














—_ la a 


SYMBOLS 


Length of short side of frame, in. 


= Length of long side of frame, in. 


island Saat tuk are located on the curve with the 
niform load, Ib /in. ratios L,/L, and I,/I,. A positive answer 
Bending moment coefficients means that the inner surface of the 


Load direction factor frame is under tension at that point. 
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Length ratio L,/ Lo 


0.4 


i ' ' ' ' ! 
o } } ° ro) oO Oo o 


Bending moment coefficients 


' 
Cc 
wo 


EXAMPLE: Agriculture labs grow plants at 
simulated altitudes in a small vacuum chamber 
20 in. high by 30 in. wide. As a result of the 
spacing each reinforcing frame carries a uni- 
form load of 70 lb/in. when pressure inside the 
tank is lowest. All parts of the frames are made 
of the same size I-section. What are the bending 
moments at the corners and at the midspans? 


Solution: Since the cross-section of the frame 
doesn’t vary, J,/J], = 1.0. Pressure is from 
the outside, so 8 = —1. Length ratio L,/L. 
- 20/30 = 0.67. With this information, go to 
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Ip/Iy = 


the curves and find a 0.78, a; —= —0.11, and 
a, = 0.72. 

Only one more bit of information is necessary 
before calculating the moments; that is moment 
multiplier M = WL,*/12 = (70 x 30*°)/12 = 31.5 
<x 10°. Then the moments are: 

M, = aBM = 1 X 31.5 x 10° (—0.78) = —24.6 
<x 10° in.-lb 
M, = aBM = 1 xX 31.5 x 10° (—0.11) = —3.46 
< 10° in.-lb 
M, = afBM = 1 X 31.5 x 10° x 0.72 = 22.7 
< 10° in.-Ib 


mre a ZiO\—-|9|M'0 





SIGNIFICANT COMPONENTS, 


MATERIALS, 


PROCESSES 





Rotary limit switches . . . 
are low-ratio, geared-down and geared-up 
units with gear coupled potentiometers 
as optional equipment. Among applications 
is controlling end limits of motor-operated 
valve with potentiometer providing con- 
tinuous valve position indication at remote 
location. Available with 2 through 4 
SPDT or 2 DPDT switches with gear 
ratios of 1:1, 1:2, 1:3, 3:1 and 2:1. 
Potentiometer couplings are available with 
1:1 ratio units and can be geared at 1:1, 
1:2 and 1:3. Priced from $37 to $207, 
with delivery in approx 6 wk. Gemco 
Electric Co, 25685 W Eight Mile, Detroit 
40. 

Circle 300 on Reader Service Card 
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Pushbutton release catch. . . 
for quick release of lift-off covers, can be 
used with any metallic or plastic material 
with sheet thicknesses to ym in. The 
holddown is mounted on inside of cabinet 
with rivets, or it can be welded. To operate, 
button is pressed in and cover is lifted. 
Slams shut for automatic, positive latching. 
Measuring % in. wide and 2% in. long, 
the holddown is available with either 90° 
or 180° keeper mount. To install, a single 
hole for the button, plus three rivet holes 
(or two rivet holds and a weld) are made. 
Keeper and release button are cadium 
plated steel. Spring is lubrite spring steel; 
welding nib (where used), copper-plated 
steel. From stock. Southco Div, South 
Chester Corp, Lester, Penna. 

Circle 301 on Reader Service Card 


Miniature power meter... 
continuously measures shaft hp by means 
of radio-telemetry. Mounted directly on a 
shaft, it transmits readings to a remote 
location without wires, slip rings or other 
physical connections between rotating and 
other stationary equipment. Complete unit 
weighs only 3% Ib, compared with 2% 
tons for conventional equipment. Hp read- 
ings are reported to be within 1%. Uses 
a miniature FM/FM transmitter for noise- 
free operation and complete, solid-state 
electronics for the radio-telemetry portion 
of the system. Electronically sensed torque- 
and-rpm signals are mixed and amplified. 
A 3-channel system also is available if 
separate and direct indication of torque 
and rpm is desired. Unilectron Inc, 129 
Binney St, Cambridge, Mass. 

Circle 302 on Reader Service Card 
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Pipe connections . . . 
resist pressure and stress through use of all- 
metal seal ring with flexible tapered lips 
on either side of a rigid rib. Lips do actual 
sealing against mating hubs. Lips’ angle 
of taper is slightly less than that of mating 
hub sealing surface, and as connection is 
tightened by clamps, hubs are brought 
together, causing seal ring lips to deflect. 
Ring is reusable, eliminating need for 
replacement gaskets. In tests, a 2-in. con- 
nection withstood 26,000 psi at which 
point the pipe failed; a 7-in. connection 
withstood 19,500 psi. Also, a 103-in. OD 
connection held under a bending moment 
of 2 million }b-ft. and no evidence of 
leakage could be found when a 2%2-in. 
connection was subjected to an external 
tension load of 290,000 Ib with a fluid 
pressure of 3600 psi. Sealing principle 
also allows a sharp reduction in over-all 
weight and size of connection. They are 
reported to be as much as 4 smaller than 
equally rated flanges. Standard connec- 
tions are from stock in 1 to 30-in. sizes. 
Gray Tool Co, PO Box 2291, Houston 1, 
Tex. 

Circle 303 on Reader Service Card 


Motorized reducer . . . 

incorporates an involute helicoid thread 
form, said to have the highest load capacity 
of any type worm gear. Gearing is gen- 
erated to produce leaving-side contact, 
which reportedly provides the ideal con- 
dition of an entering-side gap for lubricant. 
Available in eight sizes for motors from 1 
to 20 hp, with center distances from 2% to 
8 in. and speed ratios of 5:1 to 70:1 and 
higher. Either single or double-extended 
gear shafts are supplied. Motor is easily 


attached to or detached from a flange on 
the gear case. Motor and worm shafts are 
connected by couplings which require no 
lubrication. De Laval-Holroyd Inc, 121 
First Ave, Trenton 2, NJ. 

Circle 304 on Reader Service Card 


Silicon photosensor.. . 
handles up to 20 v of reverse breakdown 
voltage with under 10-microamp leakage 
current, reportedly making possible greater 
economies in design of photodiode readout 
circuitry for data processing equipment. 
With higher voltage capability than other 
devices in use, unit is adaptable to direct 
coupled circuitry. It is hermetically ‘sealed 
in a glass envelope of 0.080-in. dia. 
Available types include one with active area 
positioned parallel to longitudinal axis of 
the diode to provide for side-reading and 
another with active area positioned per- 
pendicular to longitudinal axis and a lens 
for frontal exposure to incident light, 
eliminating need for critical focusing. 
Though designed originally for punched 
card and tape readout systems, can be 
used in production flaw testing, signal 
switching, photographic sensing and con- 
trol, optical scanning and sound pickup 
Spectral response covers range from visible 
to near infrared radiation, from 5,000 to 
11,000 A. Peak response is at 9,500 A. 
Sample quantities from stock at $5 to $12, 
depending upon specifications. Philco 
Corp, Lansdale Div, Lansdale, Penna. 
Circle 305 on Reader Service Card 


Circuit breaker . . . 

has miniature snap-action contacts that can 
operate signal light or alarm. Contacts are 
enclosed within breaker case but are elec- 
trically isolated. They are actuated me- 
chanically by breaker switching mechanism 
Contact ratings are 5 amp, 125 v and 2.5 
amp, 250 v ac, 60 c resistive; and 1 amp, 
50 v de resistive. Breaker, measuring 242 x 
¥% x 3% in. and weighing 1% oz, also can 
double as an “on-off” toggle switch. Can 
be mounted in only ¥2-in. panel hole and 
has universal terminals which accept 
soldered, solderless or screw-type connec- 
tions. Unit is magnetically actuated and 
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requires no temperature derating. Since its 
operation is non-thermal, its current rating 
and must-trip point are unaffected by high 
ambient temperatures. Choice of three 
overload responses permit breaker to be 
matched to application’s load character- 
istics. Can be supplied with a fast or slow 
hydraulically controlled inverse time delay 
or with non-time-delay instantaneous re- 
sponse. On short circuits or overloads 
500% the breaker’s rating, tripping takes 
place instantly without time delay. 
Breaker’s current rating is 120 v, 60 or 400 
c ac, or 50 v de. Can be supplied in any 
integral or fractional rating from 0.05 to 
15 amp. Heinemann Electric Co, 378 
Magnetic Dr, Trenton 2, NJ. 

Circle 306 on Reader Service Card 


Organic friction material . . . 
is said to almost completely eliminate 
fading under high temperature conditions. 
Makes possible positive control of brakes 
and clutches at temperatures up to 1000 F 
under conditions of high load and fast 
cycling. Shows average coefficient of fric- 
tion of 0.56 at 350 F; 0.62 at 600 F; and 
0.53 at 1000 F. Rate of wear is said to be 
within acceptable limits for materials of 
high friction level. Material is rigid, tan 
in color and contains zinc particles. Avail- 
able in blocks, facing and sheets. Johns- 
Manville, 22 E 40th St, New York 16. 
Circle 307 on Reader Service Card 


Thermoplastic resin . . . 
reportedly can be controlled to an exacting 
degree in processing, producing uniform, 
high-quality parts. A fluorocarbon formed 
by the homopolymerization of chloro- 
trifluoroethylene (CTFE), the resin con- 
tains more than 60% fluorine by weight. 
Available in two grades (based upon 
molecular weight), varying in pelletized, 
unpelletized and plasticized forms. Said 
to offer thermal stability from —400 to 
400 F; abrasion resistance; resistance to 
wide range of chemicals, fuels and corro- 
sive media; top electrical properties; in- 
frared transmission qualities; and zero 
moisture absorption. Also, and depending 
upon size or thickness of particular product 
requirements, a highly crystalline or highly 
amorphous condition can be induced by 
special heat treating techniques. Min- 
nesota Mining & Mfg Co, 900 Bush Ave, 
St Paul 6, Minn. 

Circle 308 on Reader Service Card 


High-strength adhesive . . . 

is heat resistant and can be spray-applied in 
a relatively dry form. Requires only con- 
tact pressure for bonding a variety of 
materials, includirig: polystyrene, sheet 


plastic, steel, aluminum, wood, particle 
board and foamed glass. Applying adhesive 
in relatively dry form eliminates most of 
the solvent content and permits its appli- 
cation directly to polystyrene foam without 
causing deterioration. Also can be used in 
fabrication of honeycomb sandwich panels, 
since excellent filleting properties are re- 
portedly obtained from spray technique. 
Component parts coated with adhesive can 
be assembled, positioned and repositioned 
if necessary without components adhering 
to each other. After proper assembly, a 
momentary application of pressure, as 
achieved with nip roll, immediately bonds 
the components. Adhesive maintains high- 
strength properties over service temperature 
range of —30 to 250 F. One gal. covers 
over 300 sq ft of bonding surface. Ad- 
hesives, Coatings & Sealers Div, Minnesota 
Mining & Mfg Co, 900 Bush Ave, St 
Paul 6, Minn. 

Circle 309 on Reader Service Card 


Variable speed controls . . . 
for dc motors from vz through 3 hp are 
available in 15 stock models. Operate 
from standard 50/60-c ac, single-phase, 115 
v (or 230 v in 1 hp and larger models). 
Can be connected to any standard shunt 
or compound wound dc motor and provide 
infinitely variable speed control from zero 
to max motor rpm in either direction 
(reversing switch is included in each con- 
trol). Pacific Industrial Controls Inc, 1212 
6th St, Berkeley 10, Calif. 

Circle 310 on Reader Service Card 


Printed contact relay .. . 

includes new gold-plated spiral spring con- 
nectors placed on the coil terminals, which 
permit its use with single-sided printed cir- 
cuit boards. Simplified blade design in- 
creases wiping action, extending life and 
current ratings. Completely plug-in unit 
is encapsulated in -in. high-impact plastic 
cube and uses a permanent magnet instead 
of return spring to hold armature open. 
Magnetic force remains constant and elimi- 
nates maintenance adjustment. Mounts on 
and becomes integral part of printed cir- 
cuit board, making possible substantial sav- 
ings in space, weight and assembly costs. 
Fixed contacts are eliminated, and moving 


contacts, which are part of armature assem- 
bly, mate with copper conductors printed 
on circuit board, which are plated with rho- 
dium over nickel. Various circuit board 
patterns available make it possible to use a 
single relay for up to 3PDT switching 
arrangements. Standard coil resistances are 
75, 300 and 1200 ohm (500 mw) at 6, 12 
and 24 v dec with pull-in occurring at 80% 
of rated voltage. Operates in excess of 1 
million cycles with a contact load of 1 amp 
at 24 v de or 4 amp at 115 v ac. Life 
exceeds 5 million operations from dry cir 
cuitry up to 4 amp, 24 v dc. Executone 
Inc, Components Div, 47-37 Austell PI, 
Long Island City 1, NY. 

Circle 311 on Reader Service Card 
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Waterproof connector . . . 
has banana pin screw-in connection which 
allows it to be repaired in the field. Differs 
from other plugs which are vulcanized into 
end of wire, necessitating entire length of 
wire to be sent to factory for replacement 
when trouble is encountered. Unit de- 
taches from end of wire, and two halves 
connect with banana pin, making it possi- 
ble to repair it in less than 4 min. without 
molding. Available individually with cus 
tom-size rubber nipples to fit cable with 
which it is to be used. From stock at 
approx $5 each. Vector Mfg, Engineering 
Dept, 5616 Lawndale, Houston, Tex. 
Circle 312 on Reader Service Card 


Extra-wide galvanized sheet 
is available up to 72 in. in width. Can be 
ordered as sheared sheet up to 20 ft long 
or in continuous coils up to 50,000 Ib and 
in any gage thickness from 0.1196 to 
0.0299 in. Base price is same as for 
galvanized steel sheet, and usual extras 
apply for special width. Delivery in 6 to 8 
wk. Armco Steel Co, Middletown, Ohio. 
Circle 313 on Reader Service Card 


Lightweight porous 

ceramics .. . 

of 96% alumina, fused silica or steatite are 

available on a limited basis. Alumina can 

be supplied with a density of as low as | 

gm per cc and a dielectric constant as low 

as 2, in blocks up to 10 x 6 x 2 in. Flex- 
continued on page 50 
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ural strength is 1100 psi at density of 1 gm 
per cc. Porous steatite is made in blocks 
up to 12 x 6 x 2 in. or in 4-in. cubes at 
0.7 gm per cc. Porous fused silica at 
densities down to 0.8 gm per cc is available 
over a wide size range to large blocks. 
Materials have interconnected pores rang- 
ing generally between 2 and 15 microns in 
dia. Other porous oxide ceramics have been 
experimentally produced. Gladding, Mc- 
Bean & Co, R & D Div, 2901 Los Feliz 
Blvd, Los Angeles 39. 

Circle 314 on Reader Service Card 


Cushion type pressure relief 
valve... 
incorporating two independent cartridge 
relief valves, checks overloads in hydraulic 
systems. Developed originally to serve as a 
brake in swing circuit of backhoe, unit pro- 
vides overload protection for any actuator 
subject to fast reversals of load. Also can 
be used to protect auxiliary systems. Two 
cartridge relief valves control] flow through 
unit when high system pressures are en- 
countered, Thus, momentary high pres- 
sure surges are relieved, since flow is 
diverted directly to low pressure side of 
actuator through either of the two pilot 
operated valve. Use of independent valves 
also cuts in half number of times relief 
valve opens for each cycle, prolonging valve 
life. At full rate flow of 30 gpm, there is a 
differential of less than 100 psi from trickle 
to full flow and less than 50 psi between 
cracking and closing pressures. There is 
said to be no internal leakage. Pressure 
can be adjusted between 250 and 3000 
psi. Two guided ball check valves with 
hardened steel seats prevent reverse flow 
through main valve. Fawick Corp, Hy- 
draulic-Electronic Div, 9919 Clinton Rd, 
Cleveland 11. 
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Direct-operating relief valve . . 
for mounting on hydraulic pumps with 
standard SAE }4-in. 4-bolt connectors, has 
a capacity of 3000 psi. Said to have fittings 
and space and to reduce labor, unit fea- 





tures an unusually low differential be- 
tween opening and full flow. Pressure con- 
trol is by simple adjustment of a single 
setscrew with locknut. J E Myles Inc, 
2406 Hilton Rd, Detroit 20. 
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Fhp gear motor... 
has a magnetic clutch that disengages 
rotor pinion from remainder of gear train 
when motor is de-energized. Prevents 
coasting of output shaft and provides free 
wheeling gear train so that output shaft 
can be turned manually when power is off. 
Special nylon helical rotor pinion and first 
gear results in extremely low noise level. 
Motor is 2P, shaded pole, ac induction unit 
available in voltages from 6 to 220 v, 50 
or 60 c. Gear-reducer has output speeds 
from 1 to 800 rpm and output torque u, 
to 50 in.Ib at 1 rpm. Available outpur- 
shaft diameters: ¥, +, #s and % in. Molon 
Motor & Coil Corp, 3737 Industrial Ave, 
Rolling Meadows, Iil. 
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Rear projection data readout 

uses a special design lens system for display 
on almost the full viewing screen face. 
Said to provide up to 115% more message 
area than other readouts with same size 


screen. Lens system combined with a 
deeper than conventional case makes pos- 
sible more than 14 sq in. useable viewing 
area, compared with 3 sq in. provided by 
other models. Multiple word messages, 
such as Start, Ready, Fire, can be commu- 
nicated in full top-to-bottom viewing area. 
Available in assemblies or as individual 
units. Each unit measures ls x 2% x 64 
in. Industrial Electronic Engineers Inc, 
5528 Vineland Ave, North Hollywood, 
Calif. 
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Strain-gage pressure 
transducer... 

uses silicon semiconductor sensing elements 
to provide extra high accuracy throughout 
its entire operating temperature range of 
—65 to 250 F. Measuring 24 x 14 x 23 in. 
with tapped hole mounting feet, the high- 
line, low-differential unit has pressure 


ranges from 0-10 to 0-10,000 psid, or +10 
to +10,000 psid. Standard electrical out- 
puts are 50 mv, 250 mv and 5 v de (suit- 
able for transmitting output signal over a 
long line). Standard internal temperature 
compensation is from 0 to 150 F (com- 
pensation over entire operating tempera- 
ture range on request). Has self-contained 
calibration, and, with replacement of 
metallic strain-gage materials by piezo- re- 
sistive semiconductor materials, number 
of mechanically functioning parts has been 
reduced to two. Combined linearity and 
hysteresis is +0.25%; output at zero ap- 
plied pressure, +3%. Line pressure zero 
shift is +0.1%/1000 psi. Internal cali- 
bration equals 4 full range pressure sensi- 
tivity within 0.5% 0 to 150 F. Output 
load, open circuit, is 2000 ohm; max ex- 
citation without damage, 1.5 times rated 
voltage, limited by 40 v dc. Unit operates 
in all gaseous and liquid media for measur- 
ing, testing and control of pressures. Fair- 
child Controls Corp, 219 Park Ave, 
Hicksville, LI, NY. 
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Resistance-temperature 
transducer... 
using a platinum element, provides con- 
tinuous operation at temperatures as high 
as 2000 F. Recommended for installa- 
tion by high-temperature cement on a sur- 
face where temperature is to be measured. 
Installation by welding also is possible. 
Unit is 1% x ¥ x 0.014 in. thick. It 
can be installed with response times in 
millisec. Platinum element resistance is 
100 ohm +1% at 77 F. Temperature 
range is 0 to 2000 F. Cement kit, fur- 
nished with each transducer, permits bond 
ing the device to ferrous and non-ferrous 
metals and alloys. Winsco Instruments & 
Controls Co, 11789 W Pico Blvd, Los 
Angeles 64. 
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Continuous duty induction 
motor... 
is a l-hp, totally enclosed, fancooled unit 
that operates at a speed of 5500 rpm. 
Other specifications include: power, 208 v, 
400 cps, 3 phase; full load torque, 15.3 
oz-ft; starting torque, 160% (full load 
torque); pull-out torque, 300% (full load 
torque); full load current, 4 amp; starting 
current, 15.8 amp; efficiency, 79.5%; and 
weight, 17 Ib, 15 oz. Kearfott Div, Gen- 
eral Precision Inc, 1150 McBride Ave, 
Little Falls, NJ. 
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Internal thread spacers. . . 

are available in brass and corrosion resist- 

ant steel and in lengths from 4 through 

14 in. in Y-in. increments. Thread sizes 
continued on page 53 
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RUSSELL, BURDSALL & WARD 


BOLT AND NUT COMPANY 





Technical-ities 
By Fred E. Graves 


Fastening of 
gasketed joints 


The right fastener for a “flex- 
ible” joint rests on type of 
gasket material and its com- 
pressibility. Total preload on 
all the fasteners in the connec- 
tion must be enough only to 
compress the gasket and pro- 
vide sufficient additional clamp- 
ing force to withstand the 
hydrostatic test pressure. More 
than this brings on a good 
chance of leakage, through 
“bowing” of the clamping plate. 


RIT 
Mara — Ma 
NY = 


Exaggerated sketch showing how too 
much torque tends to distort clamp- 
ing plate and leads to leakage. 


HYPOTHETICAL CASE 


Suppose a joint is tightened 
with Grade 5 Hex Screws to 
their yield strength, and leak- 
age develops. By going to alloy 
screws and tightening still 
further you would still get 
leakage. But Grade 2 Hex 
Screws, all torqued evenly, 
would no doubt solve it. 


ACTUAL CASE 
The fasteners on one product’s 
flange had to withstand a 4000 
pound hydrostatic pressure. 
But the hard asbestos gasket 
used took a bolt load of 28,000 
pounds for sufficient compres- 
sion to seal. By substituting a 
rubber and fibre gasket in this 
case, bolt load could be reduced. 
So could bolt size, thereby sav- 
ing 73% on fasteners. 








Using Hex Screws in 
tapped holes saves money 


In the cast “coupon” shown above, 
the hex screws were torqued tight 
and removed 50 times—then torqued 
to failure. Note in the cutaway that 
the casting’s threads are still per- 
fect with no sign of stripping. It 
was the screws which broke—a clear 
demonstration that castings fas- 
tened with hex screws will suffer 
no thread damage during repeated 
disassemblies. 


TWOFOLD BENEFIT 


When there are no space clearance 
problems or other special require- 
ments, using studs of l-inch diam- 
eter or smaller often penalizes the 
user. First, in direct costs, since the 
more economical hex head screws 
will do the job to specification. And 
second, in production costs, since 
studs require that tapped holes have 
an interference thread fit, which 
in turn results in slow, “selective” 
assembly to determine properly 


mated threads. Hex screws need 
only a clearance fit, assemble faster. 


ACTUAL EXAMPLE 
In one of his surveys of fastenings 
used by one company, the RB&W 
engineer pointed out that over 250 
stud fastenings were being used in 
a large refrigeration unit. The same 
number of hex screws, costing $8.45, 
saved $22 over the studs and nuts. 
Annually, the total would be $7,800 
on the production run of this unit. 


Not to be overlooked either was 
the tangible saving on the less crit- 
ical tapping job required. 

RB&W offers its help on your 
specific fastener problems, or an 
overall survey of your fastener 
usage. Contact Russell, Burdsall & 
Ward Bolt and Nut Company, Port 
Chester, N. Y. 

Plants at: Port Chester, N. Y.; Coraopolis, Pa.; Rock 
Falls, tll.; Los Angeles, Calif. Additional sales of- 


fices ot: Ardmore (Phila.), Pa.; Pittsburgh; Detroit; 
Chicago; Dallas; Sen Francisco. 
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NEW SMALLEST 
VANEAXIAL BLOWER 


Only 1.1” in diameter by a maximum 2.4” long, this smallest 
d.c. blower moves 10 cfm of air against 0.3” H,0 back 
pressure! Use this rugged sub-miniature blower for spot 
cooling of critical components where space is cramped and 
weight is important. 


NEED AN OIL-FREE AIR SUPPLY? VAX-1-DC blower operates on 28 v.d.c. or less, using a 
bad maximum of 200 milliamps. Weight is 1.4 ounces. Mounts 

: with standard servo ring clamps. (Globe makes larger blowers 

Select from 2 types, 10 sizes also.) Request Bulletin VAX-1 from Globe Industries, Inc., 


GAST OIL-LESSAIRPUMPS J e™e™ 


=~) GLOBE 

You gain five advantages when Miniature Meet INDUSTRIES 
you specify Gast Oil-less Air models, .35 a ' ’ 
Compressors or Vacuum Pumps. to 1 ¢.f.m INC. 





1, Absolutely oil-free air delivery. 
No hot oil mist or odor can con- 


Direct coupling 


taminate air flow. CIRCLE 63 ON READER SERVICE CARD 
. No lubrication required. This Soe! UE wie : i 





. f.m. 
eliminates problems for both man- oe ee oe 


ufacturer and user. 
. Lubrication costs for both time PARAMOUNT 
and lubricants are eliminated. Die Castings 


. You have greater freedom in lo- AT WORK 
cating the pump, as easy access : No. 5 of a Series 
for oiling isn't a factor 


5. Oil-less design adds a sales fea- 
ture to your product! 
How is this possible? Rotary 
design has carbon vanes that 
lubricate themselves. Ball bear- 
ings are grease-sealed for life 
and located outside the pump- 
ing chamber. Simple construc- 
tion assures long, trouble-free : iil $ RCA-Whirlpool Imperial Mark XII Automatic Washer 
dependability. . 


Ten sizes; capacities from .35 | 5 PARAMOUNT— major supplier 


up to 24 c.f.m. running open. Gear Case Cover ‘ ; ’ 
For medium duty to 10 p.s.i.g. of die castings to Whirlpool Corpora- 


pressure or 20" Hg vacuum. tion for 15 years 

For use on instruments, med- ga »; Whirlpool quality is recognized throughout the 
ical and laboratory equipment, a world, quality which stems from the rigid quali- 
food packaging and paper- ty standards which Whirlpool demands that its 
handling machines, Gast Oil- ~ , ; suppliers meet. ~ 

less Air Pumps have much Paramount's engineering and production “know-how”, its ability to con- 
to offer. V-belt dr sistently meet Whirlpool’s exacting quality standards—as in these die castings 
a ae for the RCA-Whirlpool Imperial Mark XI! Automatic Washer—are the reasons 
A wide range of lubricated models also available. PO OF Crm. why Paramount has consistently been one of Whiripool’s major suppliers 
for 15 years. 

WRITE TODAY FOR OIL-LESS BULLETINS — it Will Pay You To Look to Paramount... 

If your product incorporates die castings or you're considering 
them—investigate Paramount's complete services. 

Three complete plants—two in St. Joseph, Mich., one in Seymour, Indiana. 


Air Motors * Vacuum Pumps * Compressors SEND For “Designing for Die Casting” 
GAS Tsanuracturinc CORP. PARAMOUNT Die Casting Co. 
P. 0. BOX 117-V, BENTON HARBOR, MICHIGAN (A subsidiory of TALON, INC.) ST. JOSEPH 4, miCHIGAN 
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Integral-motor 
types to 1.1 c.f.m 


Pump Housing 


if possible, specify ¢.f.m. range that interests you. 














COMPONENTS * MATERIALS + PROCESSES 


range from #2 through 3, coarse and fine 
series, Class 2B fit. Shapes include round, 
diamond knurl and hexagon with threads 
through entire length of insert. Used for 
feed-through mounting of coils and mag- 
netic components in cast resins, injection 
ind compression molded parts (knurled 
type) and stand-off mounting of sheet 
metal parts (round and hexigon types). 
From stock. Standard Insert Co, 1710 Po- 
trero St, South El Monte, Calif. 
821-21 
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Pneumatic control switch . . . 
produces an electric signal when an ob- 
ject interrupts flow of air across an open- 
ing (signal can be used for automatic con- 
trol of production equipment). Detects 
presence or non-presence of any solid ob- 
ject without physical contact, regardless 
of the material. Unit is a 7-amp, 120-v, 
SPDT, snap-action switch, operated by di- 
recting approx 1.5 psi jet of air against its 
diaphragm. Installed with an air line lead- 
ing from a flow control valve to an open 
end. A receiver tube to the switch is in- 
stalled opposite the line leading from the 
control valve. Light pressure directed 
against the diaphragm actuates the switch. 
An interruption in this pressure changes 
the diaphragm’s position, thereby revers- 
ing the contacts. Automation Devices Inc, 
3125 Brandes St, Erie, Penna. 

Circle 323 on Reader Service Card 


Vinyl handle... 
has either Mylar-protected gold-or silver 
colored insert laminated to it or a simu- 
lated leather texture. Steel or brass hard- 
ware in any of 12 finishes fastens by means 
of prongs which are bent on undersurface 
of mounting area. Available in any length. 
Leather version is produced in 13 colors. 
One test assembly reportedly lifted a 24-Ib 
load 56,000 times without developing signs 
of wear. Philadelphia Handle Co, 1643 
Haddon Ave, Camden 3, NJ. 
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Shock test machine... 

based on principle of free fall with elastic 
impact, is said to be substantially less ex 
pensive and simpler to operate than pneu 
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matically driven shock tester. Equipment 
to be tested is bolted onto very rigid table, 
which then is lifted to proper drop height. 
Table is released and allowed to fall until 
programmed shock absorber beneath it 
impacts on machine base plate. Shock 
absorber absorbs kinetic energy of falling 
package; then returns this energy to accel- 
erate package upward. When table reaches 
top of this rebound, it is arrested automati- 
cally by braking system. A single pulse 
shock input is thus provided by the shock 
absorber, while acceleration before and 
after shock pulse is limited to approx ac- 
celeration of gravity. Available with any 
one or a number of shock programming 
cylinders, depending on number of shock 
waveforms required. Equipment weighing 
several hundred pounds can be tested on 
machine. Only limitations on test speci- 
men are table max design load of 50,000 
g-Ib and space envelope of 36 x 28 in. Rela- 
tive impulse (average acceleration x dura- 
tion) of shock inputs can be varied from 
0 to 1750 g-millisec. This exceeds MIL-E- 
5272A requirements in that half-sine shock 
inputs of 11 millisec duration and 300-g 
peak acceleration can be obtained. Mon- 
terey Research Laboratory Inc, PO Box 
1309, Monterey, Calif. 
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Tracing paper... 


is 100% rag stock, said to produce “out- 
standing” blueprint and diazo reproduc- 
tion copies. Has fine-toothed surface, 
giving it top pencil-taking and inking quali- 
ties for layout, sketch, drawing and trac- 
ing, coupled with a high erasability. Avail- 
able in standard roll lengths and widths, 
as well as wide variety of sheet stock sizes 
used in engineering/drafting field. Charles 
Bruning Co Inc, 1800 W Central Rd, Mt 
Prospect, Il. 
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Pants guard... 
is sponge rubber-covered aluminum chan- 
nel that slides on guard rail of drawing 
board. Keeps pants from becoming frayed 
by constant rubbing against guard rail. 
As draftsman leans agaiust channel, it 
slides along with his movements from side 
to side. Priced at $2.50 each. Best Yet 
Products, 10719 S Rhodes, Chicago 28. 
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al 
Breadboarding kit. . . 


enables prototypes to be completed using 
no more tools than a soldering iron. Com 
prises an assortment of pre-punched lami- 
nated-phenolic panels, terminal strips, vol- 
ume control strips, silver-plated snap-in 
turret terminals, punched chassis frames, 
end plates, rack mounting plates and as- 
sorted hardware. Panels have holes for 
both miniature and octal tube sockets, for 
potentiometer shaft bushings and for the 
snap-in terminals. These double-turret, 
slotted terminals are pushed into the pan- 
els, and once inserted, held securely with- 
out turning. If necessary, they can be 
removed for re-use or re-location. Extend 
far enough through panel so that wiring 
connections can be made on both sides 
of panel. Chassis frames are 16% in. long 
and, with mounting plates, fit standard 
19-in. racks. Angle brackets and stand- 
offs allow panels to be grouped in prac 
tically any desired relation to each other 
Complete kit is priced at $13.95. Preci- 
sion Metal Products Co, 41 Elm St, Stone- 
ham, Mass. 
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Metal calendar board . .. 
is a permanent wall and easel unit for 
visibly scheduling work and activities. User 
writes directly on face of board in 43 x 
4-in. dated spaces with black and colored 
“china” marking pencils. Erases at will 
with cloth or paper towel. Magnetic date 
pieces, numbered 1-31, are changed as 
dates or months expire. Includes chart 
which provides 15-yr guide for correct 
monthly calendar starting dates and 2-in. 
wide tray at bottom for holding pencils, 
cards, etc. Board is 34 x 23 in. and 
weighs 6 Ib. Complete assembly is priced 
at $19.75. L D Blehart Co, 10 Fiske PI, 
Mt Vernon, NY. 
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RULON — first 
practical fluorocarbon 
for cup packings 


Dixon’s new post-forming technique 
makes use of Rulon’s plastic memory 
to insure tight seals under all condi- 
tions . . . at lower cost than ever 


Packings of Rulon (filled TFE) 
give you: (1) low friction, (2) high 
resistance to wear, (3) low deforma- 
tion under load (2 that of Teflon*), 
(4) wide temperature tolerance 
(—400° to +500°F), (5) chemical 
inertness, (6) lube free operation, 
and (7) zero water absorption. 


Dixon offers RULON and TEFLON in 


rods bushings 

tubing washers 

sleeving gaskets and 
sheet packings 

tape bearing retainers 


machined and 
extruded shapes molded parts 
bearings 


RULON now serves in pumps, 
valves, motors, compressors and 
scores of other products manufac- 
tured by leading companies across 
the nation. Dixon offers the widest 
variety of basic shapes, both in 
RULON and Teflon . . . plus engi- 
neering Capability to formulate spe- 
cial reinforced fluorocarbons for 
special needs. Also, Dixon can sup- 
ply molded, machined, stamped, cut 
or extruded parts to meet your print. 

See our guide-book 
on RULON, Bulletin 
#9572, in Sweet’s Prod- 
uct Design File or send 
details for recommenda- 
tions. DIXON COR- 
PORATION, 1 
BURNSIDE ST., 


BRISTOL, R. 1. 
# DuPont T.M. 


DIXON 
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DESIGN LITERATURE 





Engineering Data for 
Product Design 


DOUGLAS C GREENWOOD, associate editor. 
McGraw-Hill Publishing Co, Inc, 330 W 42 St, 
New York 36. 8'/2 x 11, 430 pp. $10. 


Articles in this volume are drawn 
from Product Engineering and have 
been edited and classified to facilitate 
easy reference. The material covers 
such subjects as metals and alloys, 
nonmetallic materials and finishes, de- 
sign analysis, beams, torque, moment 
of inertia, bearings and shafts, springs 
and vibration, and mechanical control. 
The book also includes fastening and 
joining methods, and covers electricity, 
electronics, hydraulics, and pneu- 
matics, all from the standpoint of the 
design engincer. 


A Guide to Technical 
Literature Production 


EMERSON CLARKE. T W Publishers, River For- 
est, Ill. 6 x 9, 192 pp. $3. 


Written for those who must create, 
buy, or otherwise produce technical 
literature. ‘Technical literature in this 
case refers to service manuals, mainte- 
nance manuals, parts catalogs, military 
handbooks, and engineering reports of 
all types. For engineering staffs with- 
out technical writing facilities, the 
book outlines the problems involved 
in organizing a writing group, or of 
obtaining technical writing services. 


Transistor Logic Circuits 
RICHARD B HURLEY. John Wiley & Sons, Inc, 
440 Park Ave S, New York 16, 5% x 9, 363 
pp. $10. 

Book covers both logical mathe 
matics (with logical routines and 
blocks) and the transistor circuits that 
implement the mathematics and 
blocks. There are several dozen pages 
on elementary binary arithmetic and 
Boolean algebra. This is followed by a 
basic treatment of diodes and transis 
tors and a section combining thie 
mathematics with the devices in logic 
circuits. A variety of application exam 
ples are given. 


Filters and Attenuators 


ALEXANDER SCHURE. John F Rider Publisher, 
Inc, 116 W 14th Street, New York. 5/2 x 81/2, 
96 pp. $2.25. 


This simplified book makes elec- 
tronic filters and attenuators readily 
understandable to a mechanical engi- 
necr, Both narrative and mathematical 


presentations are used, The capacitor- 
input type filter in power supplies is 
analyzed together with power supply 
problems and solutions. Also covered 
are audio and video filters, wave filters, 
and specialized filter types. 


Other Books of Interest 


Design Information on Ph 15-7 Mo 
Stainless Steel for Aircraft 

and Missiles 

PB 151093, Favor, Deel, Achbach. Office of 


Technical Services, US Dept of Commerce, 
Washington 25, DC. 82 x 11, 38 pp. $1.25. 


18 Questions and Answers 
About Radiation 


US Atomic Energy Commission. Available from 
Superintendent of Documents, US Govt Print- 
ing Office, Washington 25, DC. 6x 9%, 47 


pp. 25¢. 
Management Guide to Human 


Relations in Industry 


B T Lewis, W W Pearson. 
lisher Inc, 116 W 14th St, NY 11. 
82, 64 pp. $1.25. 


Tunnel Diode Manual 


General Electric Co, Kelley Building, Liver- 
pool, NY. 51/2 x 8/2, 96 pp. $1. 


John F Rider Pub- 
5¥2 x 


ABSTRACTS FROM 
THE LITERATURE 





Valves 

Discusses factors involved in selec- 
tion, recent advances in materials and 
fluid loss technology, a study of fluid 
end types, available valve actuators, 
and some practical maintenance sug 
gestions. 
“Valves,” T. W. Edwards, Associate Editor 
Power, June ‘61, 330 W. 42 Street, NYC. 


Distortion and Residual Surface 
Stress in Grinding and Milling 

Reports on a study conducted under 
a USAF contract to determine fac- 
tors responsible for distortion in high- 
strength steels during surface grinding 
and milling. 


“Distortion and Residual Surface Stress in 
Grinding and Milling of High Strength Steels,”’ 
Nowikowski, Maranchik, and Field, Metcut Re- 
search Assoc, Inc. SAE paper 340L, Society of 
Automotive Engineers, Inc, 485 Lexington Ave- 
nue, NYC. 


Strain Gages in Three- 
dimensional Stress Analysis 
Gives method for constructing re- 
sistance-wire strain gages which may 
be embedded in a plastic model. Also 
described are methods for calibrating 
gages and the photoelastic tests to 
investigate the effect of the gages on 
the stress pattern. Application of this 
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new thiree-dimensional technique to 
evaluate the stress distribution in a 
thick-walled cylindrical pressure vessel 
is discussed. Correlation between ex 
perimental data and calculated values 
is given. 


“Use of Electrical-resistance Strain Elements in 
Three-dimensional Stress Analysis,” R. I. 
Brasier, Los Alamos Scientific Lab; R. C. Dove, 
Univ of New Mexico. Experimental Mechanics, 
June ‘61, 20th and Northhampton Streets, 
Easton, Pa. 


Control Valves 

Pumping a fluid through a valve 
costs money. Present methods of 
valve sizing do not take this into ac- 
count. Hence the author argues that 
control valve sizing should be based 
on smallest annual operating cost, not 
smallest first cost, provided of course 
that the selected valve gives good con- | ion a 
trol. A numerical example compat DELIVERY JET 
ing the economic and conventional 
methods of valve sizing is given. 


COUPLING~\ 














DISCHARGE 


“Control Valves—first cost vs operating cost,” 
William J. Schmidt, Stone & Webster Engineer- 
ing Corp. Control Engineering, May ‘60, 330 
W. 42 Street, NYC. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 


card inside back cover. For those catalogs 
and bulletins available only when _reques sted 


on company letterhead, see page 57. F you have a liquid heating, circulating, aerating, agitating, 
ELECTROMECHANICAL _ PARTS pumping or blending application (to mention a few), you'll 
Catalog 65, 552 pp. Sepcifications, prices find, chances are, that there just isn’t a more economical, 
and test reports useful in design and proto efficient, trouble-free device for handling the job than a 
tvpe work are presented for 67 product Penberthy Jet Pump. They cost little to buy, little to install. 
categories, including speed reducers, mag And maintenance? Practically non-existent, for there are no 


netic clutches and brakes, differentials, = : : ; 
. . : moving parts, no packing glands, nothing to lubricate. 
electronic hardware, Teflon terminals and = oe = 


limit stops. Sterling Instrument, Div of Penberthy, what’s more, as the #1 name in Jet Pumps... 
a ° 5S oni > ? : . , -? ; i } 
a , 5 Sintsink Dr, Port Wash with almost 70 years’ experience in the field . . . offers you 
Ington A . : : 7 4 

ore , the broadest available selection of mode andé spe- 

Circle 350 on Reader Service Card ; eel _ var - dels, hi andard al — 

cial, steam, air or liquid operated, in a variety of materials. 

SILICONE FLUIDS—Booklet S$-9, 20 Ask a Penberthy engineer for assistance with your jet pump 

pp. Differentiates between available grades application. 
according to viscosity and classifies them 
on the basis of physical properties. Carried 


are a physical data summary chart and a MA OM 
silicone fluid selector, in which available a f oe ata 0 - — 
grades are identified by major application " jinheniamamatdaa nia, ons 


areas. Performance curves are included 
Silicone Products Dept, General Electric SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 


Co, Waterford, NY. 
Circle 351 on Reader Service Card PENBERTHY FOR LIQUID LEVEL GAGE SETS, T00 Dedicated to 


Quolity Since 1886 








PATTERNED ALUMINUM SHEET— 


Get = <aljoo-j 
Booklet, approx 28 pp. Supplies widths | fom 4 
and lengths of alloys and tempers in j ~ 
which each of 41 different patterns is | 
available (patterns are reproduced full scale 


on textured heavy stock). Also discusses 
flexibility of patterened sheet as a design WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 


continued on page 56 
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washers 
and Shims 


The operoctor no longer needs 
three hands to put the components 
together! 

Applications on which one tube 
is radiused or saddled to fit over 
another are sometimes difficult to 
preform with a washer or shim. 
The stiffness of the washer may 
hold the radiused member away 
from the other tubes. By curving 
the washer to the curvature of the 
tube, the problem is minimized. 
Curving a shim permits snapping 
of the shim onto the tube, 








LUCAS-MILHAUPT Exgincering Ce. 


5056 South Lake Drive, Cudahy, Wisconsin 


SNAPZACTION SWITCHES 
ANNUNCIATORS 


Step or momentary 
action switches and 
annunciators featuring: 


Simple, functional design @ Mounting independent of 
panel thickness @ Front of panel lamp replacement @ 
Highest quality construction @ Screens in six colors 
0.25A - 220 V.D.C. current capacity @ 5A - 220 
V.A.C. current capacity @ Extreme long life 

Prices in unit quantities from $5.00 to $9.00 


Precision rotary switches, 
snap action switches and annunciators 


TRUCO ENGINEERING 


195 West Main Street e Avon, Conn. 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 
The advertising rate is $37.00 per inch for 
all advertising appearing on other than 
contract basis. Frequency rates quoted 
on request. 


UNDISPLAYED RATE 
$2.10 per line, minimum 3 lines. Position 
Wanted ads in this style % the abeve 
rate. To figure advance payment count 
6 average words to a line. 








Electro Mechanical Design Engineer 


Wanted For Small Mfr.—Must have E.E. or M.E. 
degree to — and supervise manufacture of 
resistors for railroad @eanie brake eqpt., mech. 
or diode type voltage regulator, industrial crane & 
power control resistance as for low or 
igh voltage starting eqpt. AC DC. Salary 
open to negotiation. Reply to Suite 1414 (P), 4 
Gateway Center, Pittsburgh 22, Pa. 











Your Inquiries to 
Advertisers Will 
Have Special Value. . . 


—for you—the advertiser—and the 
publisher, if you mention this publi- 
cation. Advertisers value highly 
this evidence of the publication you 
read. Satisfied advertisers enable 
the publishers to secure more ad- 
vertisers and — more advertisers 
mean more information on more 
products or better service — more 
value—to YOU. 
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DESIGN LITERATURE 


medium. Aluminum Co of America, 724 
Alcoa Bldg, Pittsburgh 19. 
Circle 352 on Reader Service Card 


EPOXY PRODUCTS—Catalog 1961, 48 
pp. Reviews technical data, including 
physical, chemical and electrical properties, 
of bonding agents, potting compounds, 
sealants, coatings and accessories. Methods 
of application are spelled out. Carl H 
Biggs Co Inc, 1547 14th St, Santa 
Monica, Calif. 

Circle 353 on Reader Service Card 


VIBRATING EQUIMENT—Pocket size 
catalog 616, 72 pp. Describes, illustrates 
and offers specifications of vibratory ma- 
terials handling equipment, vibrating parts 
handling equipment, mechanical _ shaft 
seals, paper joggers, portable power tools 
and power rectification equipment. Syn- 
tron Co, 240 Lexington Ave, Homer City, 
Penna. 

Circle 354 on Reader Service Card 


FRACTIONAL-HP GEARMOTORS 
Bulletin 1300, G, H, 2 pp. Provides 
specifications and dimension drawings of 
in-line and right-angle designs. Also lists 
gearbox specifications. Ohio Electric Mfg 
Co, 5400 Dunham Rd, Maple Heights, 
Ohio. 

Circle 355 on Reader Service Card 


LOW PRESSURE CELL—Bulletin R-4, 
2 pp. Traces design features, output volt 
ages ,special applications, ranges and max 
static or line pressure of the pressure meas 
uring device Outline drawings and a 
curve showing an actual calibration ex 
ample are included Control Compo 
nents Div, International Resistance Co, 
401 N Broad St, Philadelphia 8. 

Circle 356 on Reader Service Card 


STRUCTURAL SHEET METAL—Man 
ual, 59 pp. Reviews variety of available 
materials; applications, with illustrations; 
all parts and components needed; methods 
of assembly, with illustrations; special ap- 
plications such as inside corners, panel 
inside construction, insulating, etc; and 
test data in graph and tabular forms. In 
ternational Steel Co, Lindsay Structure 
Div, 1321 Edgar St, Evansville 7, Ind. 
Circle 357 on Reader Service Card 


HIGH VACUUM VAPOR PUMPS — 
Bulletin 6-1, 54 pp. Covers oil and mer- 
cury pumps in both metal and glass, pro 
viding performance details and curves, 
condensed specifications, and formulas for 
selecting proper pump. Consolidated Vac 
uum Corp, 1775 Mt Read Blvd, Rochester 
3, NY. 

Circle 358 on Reader Service Card 


REGULATED POWER SUPPLIES — 
Long form catalog 1961, 44 pp. Outlines 
developments in regulated _ transistor- 
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equipped power supplies and lists com- 
plete specifications. ‘Typical output im- 
pedance and recovery curves are included. 
Harrison Laboratories Inc, 45 Industrial 
Rd, Berkeley Heights, NJ. 

Circle 359 on Reader Service Card 


BOLT WITH BUILT-IN STRAIN 
GAGE —Bulletin 361-2, Mechanical and 
electrical specifications are given for the 
strain measuring device available in two 
configurations. Prices are 
Strainsert Co, 24 Summit Grove Ave, 
Bryn Mawr, Penna. 

Circle 360 on Reader Service Card 


included 


MATERIALS DEVELOPMENT-Peri- 
odic newsletter, 2 pp. Discussion of 
sintered titanium parts launches external 
publication. Subsequent issues will cover 
scientific materials selection, advanced 
metal applications, fiber metallurgy and 
tungsten composites. Editor, Materials 
Scope, Mechanical Research Div, Clevite 
Corp, Cleveland 8. 

Circle 361 on Reader Service Card 


REPRODUCTION PROCESSES, MA- 
TERIALS — Periodic newsletter, 6 pp. 
First issue covers techniques of drafting 
on reproduction film as opposed to draft 
ing film. Upcoming issues will deal with 
other “how-to” phases of industrial re 
production. ‘The Kodak Compass, Sales 
Service Div, Eastman Kodak Co, Roch 
ester 4, NY. 

Circle 362 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 
Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


HOSE AND HOSE COUPLINGS—Cata 
log, 12 pp. Describes, illustrates and sup 
plies specifications and dimensions of 
industrial and automotive hose, hose coup- 
lings, union adapters and connectors. Out 
line drawings and cutaways are included. 
American Coupling Corp, 31739 Mound 
Rd, Warren, Mich. 


LOCK WASHERS-—Bulletin, 4 pp. Ex- 
plains how helical spring lock washers 
work and how they maintain bolt tension 
to overcome basic causes of looseness in 
bolted assemblies. Mellowes Co, 125-P 
E Nash St, Milwaukee 12 . 





FOR MORE CATALOGS 
AND BULLETINS 


. . 1600 of ’em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head- 
ings, from important manufacturers 
and suppliers of components, mate- 
rials, power and local systems, 
manufacturing processes. 
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KENNERTIUM 


exceptional properties 
solve unusual problems 





THESE TYPICAL PARTS INDICATE THE 
EXCELLENT MACHINABILITY OF KENNERTIUM 





Kennertium, a new heavy tungsten alloy 50% heavier than lead, offers 
a number of outstanding properties not available in other high-density 
alloys on the market today. 

These superior features include high tensile strength; elongation 
15% or higher; unusual compression qualities; Young’s Modulus of 
Elasticity of 45,000,000 psi; plus good machinability and other prop- 
erties to help designers meet many exacting materials requirements. 

Kennertium is available in virtually any configuration—and in solid 
sections up to 16 inches in diameter and 20 inches long for machining 
to required parts. Cylinders several feet long, or thin rings up to 18 
inches in outside diameter, can be processed. 

For more information, write for ““Kennertium Properties” booklet. 
And if you have a specific requirement, send dimensional sketch and 
conditions involved. Our engineers will gladly make recommenda- 
tions, without any obligation to you. KENNAMETAL INc., Dept. PE, 
Latrobe, Pennsylvania. 


*Trademark seoie 


KENNAMETAL 
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EMPLOYMENT OPPORTUNITIES 


DYNAMIC ANALYSIS 
MECHANICAL DESIGN 
MECHANICAL 
RELIABILITY 
ANALYSIS 


IBM Electric Typewriter Division 


Product diversification at 
IBM’s Electric Typewriter 
Division has created impor- 
tant career opportunities for 
mechanical engineers and de- 
sign engineers. You will be 
encouraged to design unusaal 
and inventive mechanism, as 
well as to fully explore their 
applications. These openings, 
for the right person, can read- 
ily lead to engineering man- 
agement responsibilities. 

Initial assignments would be 


in one or more of the follow- 
ing: 


¢ High 
design. 


speed mechanism 


¢ Mechanical component 
miniaturization. 


* Analysis of dynamics of 
high speed mechanisms. 


¢ Design and analysis for 
mechanical reliability. 


Qualifications: BS or ad- 
vanced degree in Mechanical 
Engineering from accredited 
institution or equivalent de- 
sign experience. 


You will be working with peo- 
ple who are outstanding in 
their fields, in an ideal envi- 
ronment for creative work. 
All qualified applicants will 
receive consideration for em- 
ployment without regard to 
race, creed, color or national 
origin. Excellent laboratory 
facilities are fully supple- 
mented with comprehensive 
advanced educational oppor- 
tunities, superior employee 
benefits, as well as technical 
service and support groups. 


Please write, outlining your 
background and interests to: 


Mr. A. J. Bonvaux, Dept. 647H4 
Engineering Laboratory 

IBM Electric Typewriter Division 
Lexington, Kentucky 


INTERNATIONAL BUSINESS MACHINES 
CORPORATION 
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W. D. LANIER, Jr. advertising sales manager 
WALTER PERSSON mgr., marketing services 
P. F. PRITCHARD circulation manager 
RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9 .. . Ray K. Burnet, 1375 Peach- 
tree St., N.E., 875-0523 

BOSTON 16 . . M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11 . Mid-Western Adv Sales 
Manager, A. E. Meanor; T. R. Coash, 645 
N. Michigan Ave, Mohawk 4-5800 


CINCINNATI 2... P. B. Robinson, Carew 
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CLEVELAND 13... L. Anderson, 1164 
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LOS ANGELES 17 . . . Robert Obenour, 1125 
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NEW YORK 36... B. K. Adams, F. J. Mc- 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3... John B. Lewis, H. M. 
Nicholson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22... C. F. Leveroni, 4 Gateway 
Center, Express 1-1314 

PORTLAND 4, ORE. . . . Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST. LOUIS 8... T. R. Coash, 3615 Olive St, 
Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 11... J. J. Hernan, 255 
California St, Douglas 2-4660 
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off the 
ground 


JO matter where you are, 
it’s on its way within 24 


hours after we receive your 
order, when it’s Timken* 52100 
tubing. Such fast service on 
less than mill quantities is pos- 
sible because we stock 101 sizes 
—from 1” O.D. to 10!” O.D. 
And you can get the same fast 
service on 50 sizes of 4620 
tubing. Modern warehousing 
makes it all possible. To save 
time and money on your con- 
structional parts, remember that 
90% of them can be made from 
either of these two Timken steel 
analyses. For details, send for 
our free booklet, ““Alloy Steel 
Mechanical Tubing Stock List”’. 
The Timken Roller Bearing 
Company, Steel and Tube Divi- 
sion, Canton 6, Ohio. Cable: 
‘**TIMROSCO’: Makers of Tapered 
Roller Bearings, Fine Alloy Steel 
and Removable Rock Bits. 


FINE 
ALLOY 
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“DITORLAL DEPT 
13 N 1ST ST 
ANN ARBOR MICH A 


0 24°.", 


Save space 


Snap type lock 
permits quick 
assembly 


STYLE CA 
for wire sizes 
14 to 8. 


Press-to-lock end 
clamp—results in 
neat, flush end 
mounting. 


Barrel type 
Stab type 
Screw type 
terminals available 
on blocks for 
wire sizes 14 to 8. 


Mounting hole 
at each terminal 
block—no end 
anchors needed. 


Scored mounting strip 
can easily be broken off 
—witnout tools—at any 
desired length. 


STYLE CA 
FUSE CLIPS 


Easy-to-read marking 
Strip accepts writing 
or engraving. 


\ 
\ 


STYLE CB 
for wire sizes 
12 to 4. 


Fuse blocks for pilot 
circuits. For fuse ratings 
up to 15 amp, 125 v. 


Barrel type terminals on 
blocks for wire sizes 12 to 4, 


All terminal blocks—in any size 
—fit on the same mounting strip. 


Here’s a completely new idea in terminal blocks—a compact design that 
allows more blocks per foot. On-the-job assembly is simple—just press 
the nylon blocks onto the metal mounting strip, and they automatically 
lock themselves securely in place. Another exclusive feature—individual 
units can be easily removed from anywhere in the strip...and replaced 
... Without sliding all blocks off the end of the mounting strip. Plug-in 
end barriers are available for each block size. With mounting holes 
provided in the strip at each terminal block, a long assembly can be so 
securely fastened that there will be no “give” to the entire line. 

Mounting strips for these new terminal blocks are furnished in six-foot 
lengths, which can be broken to any desired size. Each six-foot strip 
mounts 175 Style CA blocks, or 115 CB blocks, and is furnished in this 
length completely assembled. All components used in the assembly of 
these terminal blocks are available as individual units, sold in standard 
package quantities. Please write today for more complete information 
on these new “spacesaving” Bulletin 1492 terminal blocks. 


ALLEN-BRADLEY | trror’ 


Member of NEMA CONTROL 
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